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TRANSACTIONS 

or THE 

MANCHESTER 
GEOLOGICAL AND MINING SOCIETY. 



ANNUAL GENERAL MEETING, 

Hbld in th^ Rooms ov thb Sooiett, Queen's Chambers, 

5, John Dalton Street, Manchester, 

October 9th, 1906. 



Mr. henry BRAMALL, Retiring President, in the Chair. 



The following gentlemen were elected, having been previ- 
ously nominated : — 

Members — 
Mr. John Henrt Chiloote Brookino, Mechanical and Electrical Engineer, 

85, Northamberland Road, Old Traflbrd, Manchester. 
Mr. Clement Fletcher, Mining Engineer, The Hindles, Atherton, near 

Manchester. 
Mr. Albert Edward Millward, Mining Engineer, Manchester Road, 

Accrington. 

Associate Member— 
Mr. Marcel Dubois, 6, Rue Gounod, Paris, XVn., France. 

SlUDBNT— 

Mr. Walter Pearce, Mining Student, 1, Green Lane, Heaton Moor, 
Stockport. 



The HoNORAEY Secketary (Mr. Sydney A. Smith) read the 
Annual Report of the Council as follows : — 



2 .,::*-•-' .'at'Infalkbport of the council. [Oct, 1906. 

ANNUAL REPORT OF THE COUNCIL, 1905-1906. 

In presenting the sixty-eighth Annual Report (the second 
since the federation of the society with The Institution of 
Mining Engineers) the Council have pleasure in congratulating 
the members upon another successful session. 

The Honorary Treasurer's statement of accounts shows that 
the financial position of the society is thoroughly satisfactory, 
although, during the year, heavy expenditure has been incurred 
in providing the rooms with additional furniture, etc. The 
increased amount of subscriptions of federated members is a 
noteworthy item. 

During the year the elections to membership have been as 
follows: — 1 honorary member, 10 federated members, 2 feder- 
ated associate members, 3 federated student members, and a 
total increase of 16. 

Nine members, non-federated, have been transferred to the 
federated members' and 1 to the associates' list; and 1 federated 
member has been transferred to the non-federated members' list. 
The withdrawals by death, resignations and other causes have 
been 1 honorary member, 5 federated members and 10 non- 
federated members. 

The following table shows the changes in the list of mem- 
bers for the year, from which it will be noted that the number 
of federated members has increased to 211 as compared with 
187 on last year's list, an increase of 24 during the year. 

The classification of the membership for the year 1905-1906 
is shown in the following table : — 



ClassificatioD. 


Mon-reaeratM 
Members. 


ifeaerated 
Members. 


Totals 


Honorary Members ... 


12 


— 


12 


Members, inclusive of Life Members 


63 


192 


255 


Associate Members 


— 


5 


5 


Associates 


— 


3 


3 


Students 


— 


11 


11 



Totals ... 76 211 286 



While your Council are happy in having to record a smaller 
number of deaths during the past year than on many former 
occasions, they are deeply sensible of the great loss which the 
Society has sustained by the death of Mr, C, E. De Eance, 
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F.G.S., an honorary member, elected in 1877, and one who 
in the past made valuable contributions to the work of the 
Society. The Council also regret to record the death of Mr. 
W. M. Campbell, of St. Helens, who joined the Society in 1887 ; 
and the death of Mr. David Mills, of Famworth, a member of 
the Society since 1892. 

In recognition of his long and valuable services as Honorary 
Secretary, Mr. William Saint was nominated by the Council 
to become an honorary member of the Society, and was duly 
elected at the November meetfng. 

Mr. Henry Bramall, in his Presidential Address, referred to 
the heavy burden of local taxation of collieries and the export- 
tax on coal, and, dealing with the question of wages a^ a factor in 
the cost of production, submitted that the high standard of 
wages now maintained rendered it imperative that such costly 
labour should be utilized to the best advantage by the adoption 
of any improvements (mechanical or otherwise) tending to reduce 
the amount of labour, or to make it more efficient, and conse- 
quently more economical. Mr. Bramall indicated a number 
of ways, in which he thought economies might be effected. 

In addition to the annual meeting, eight ordinary meetings 
have been held in the Society's rooms, and one excursion meet- 
ing has also been held during the year. The average attendance 
has been very good. 

During the session, important papers on geological subjects 
were read by Mr. Joseph Dickinson, Mr. John Gerrard and Mr. 
William Watts; mine engineering has been the subject of 
papers by Mr. William Watts, Mr. Alfred J. Tonge and Mr. 
James Ashworth ; and the application of electricity in collieries 
has been dealt with by Mr. Gerald H. J. Hooghwinkel and Mr. 
P. Barrett Coulston. 

The following is a complete list of papers and short com- 
munications brought before the Society during the year 1906- 
1906, and published together with the discussions thereon in 
its Transactions, and also in the Transactions of The Institution 
of Mining Engineers: — 

'* The Blba and Glydaoh Vale Colliery Explosions.*' By Mr. James Ashworth. 
"Presidential Address." By Mr. Henry Bramall, M.Inst.C.E. 
" The Use of Electricity in Collieries." By Mr. P. Barrett Conlston, M.I.E.E 
<' The Origin of Fossil Life," By Mr, Joseph Pigkinson, F.G.B. 
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"Fosails at Bradford Colliery, near Manchester." By Mr. John Gerrard, 

H.M. Inspector of Mines. 
"Marine Fossils in the Banks of the River Tame.*' By Mr. John Gerrard, 

H.M. Inspector of Mines. 
**The Generation of Electricity by the Waste Gases of Modern Coke-ovens." 

By Mr. Gerald H. J. Hooghwinkel, M.I.E.E. 
" Underground Fans as Main Ventilators." By Mr. Alfred J. Tonge. 
** Alternative Schemes of Pumping and Supplying Water by Gravitation for 

the Use of Collieries. " By Mr. William Watts, Assoc. M. Inst. C.E., F.G.S. 
** Geological Notes on Sinking Langsett and Underbank Concrete-trenches 

in the Little Don Valley." By Mr. William Watts, Assoc. M. Inst. C.E., 

F.G.S. 
''Report of Delegate to Conference of Delegates of Corresponding Societies 

of the British Association for the Advancement of Science, London, 1905." 

By Mr. William Watts, A88o(5.M.In8t.C E., F.G.S. 

Mr. John Gerrard exhibited specimens of fossil shells from 
the marine bed (at a depth of 2,076 feet) at Bradford colliery, 
and also specimens from the marine bed in the banks of the 
river Tame at Dukinfield. 

A joint excursion of the members of this Society and of the 
North Staffordshire Institute of Mining and Mechanical Engin- 
eers, was made, on July r30th, to the No. 4 Atherton pit of the 
Hulton colliery; and, under the leadership of Mr. Alfred J. 
Tonge, 73 members and friends inspected the underground fans 
described in Mr. Tonge's paper, ** Underground Fans as Main 
Ventilators," and the electrical equipment and other plant as 
described in the account of the excursion issued in the Trans- 
actions. The Society is indebted to the Hulton Colliery Com- 
pany, Limited, for the excellent arrangements made for the 
convenience of the party on that occasion. 

The following papers, printed in the Transftctions of the 
Institution of Mining Engineers, have hem discussed at the 
Society's meetings : — 

"The Mickley Conveyor." By Mr. J. W. Batey.* 

"The Conveyor-system of filling at the Coal-face, as Practised in Great 
Britain and America." By Messrs. W. C. Blackett and R. G. Ware.f 

The Council desire to call attention to one of the privileges 
of membership of The Institution of Mining Engineers, namely, 
that each federated member is entitled to attend and take part 
in the proceedings at the general meetings, not only of The 
Institution of Mining Engineers, but also of those of any of 

♦ Traw^Ituit M^ E,, 1905, vol. xxix., page 268. 
t Ibid.f vol. xxix., pa^e 449. 
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ihe seven federated Institutes, comprizing the Manchester Geo- 
logical and Mining Society; the Midland Counties Institution 
of Engineers; the Midland Institute of Mining, Civil and 
Mechanical Engineers; the North of England Institute of 
Mining and Mechanical Engineers; the North Staffordshire 
Institute of Mining and Mechanical Engineers ; the South Staf- 
fordshire and Warwickshire Institute of Mining Engineers; 
and the Mining Institute of Scotland. 

Last year, it was the privilege of this society that one of its 
members, Sir Lees Hnowles, Bart., was elected as President of 
The Institution of Mining Engineers, for the year 1905-1906. 
Sir Lees Knowles has performed the duties of this office with 
dignity, and to the great satisfaction of the members of the 
Institution. His important address at the London meeting of 
the Institution, in June last, was highly appreciated. 

On the Council of The Institution of Mining Engineers for 
the year 1906-1907, this society is represented by Mr. Charles 
Pilkington (Vice-President), Mr. Henry Bramall, Mr. John 
Gerrard, Col. George H. HoUingworth, Mr. William Saint and 
Mr. Sydney A. Smith (Honorary Secretary). 

The Court of the Victoria University recently constituted 
an Advisory Committee on matters relating to the department 
of mining, and this Society was invited to nominate two of its 
members. Mr. Charles Pilkington and Mr. Jesse Wallwork 
have been appointed by the Council to represent the Society upon 
the Committee. 

In February last, Mr. W. Wrench Lee resigned his post 
with the Society, and Mr. Joseph W. Hudson was appointed by 
the Council as Assistant Secretary and Librarian. 

Considerable improvements and additions to the library have 
been made during the year, several new book-cases and book- 
shelves have been provided, and a new catalogue of the books, 
maps and periodicals is being compiled, and will shortly be 
issued to the members. Reference to the valuable publications 
of the United States Geological Survey has also been greatly 
facilitated by the use of the card-index, and it is hoped that 
members will avail themselves of these increased facilities by 
making free use of the library. 

The thanks of the Council are tendered to the authors of 
the various pa:pers and other communications, for their valuable 
contributions to the work of the Society, and, in conclusion, the 
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Council desire to impress upon every member the desirability 
of taking a still greater interest in this work, by regularly 
attending the meetings, by introducing new members, and by 
bringing forward any matter which would be of interest to the 
Society and to The Institution of Mining Engineers. 



The Statement of Accounts was presented on behalf of the 
Honorary Treasurer (Col. George H. Hollingworth) as annexed. 

The Chaikman (Mr. H. Bramall) moved the adoption of the 
Council's Report and Balance Sheet 

Mr. RoBEBT WiNSTANLEY seconded the resolution, which was 
unanimously approved. 



ELECTION OF OFFICERS, 1906-1907. 

The following officers were unanimously elected for the 
ensuing year: — 

PRBSIBBirf : 
Bfr. ChARUB PiLKIKGlOK, J. p. 

VlGB-PRlSIl>KlCT9 : 

Mr. John Ashwokb, C.E. r Bfr. Alfukd J. Tonok. 

Mr. Gtobgb B. Habrison, H.M.I.M. I Mr. Gsobgb H. WnrsTAKi^T, F.G.S. 
HoROEART Trkasurxr: Mr. Gbobgk H. Holungwobth, F.G.S. 
HoNomABT Skrkart: Mr. Stdnst A. Smith, AnocM.Inst.C.& 

CorSCSUJMLS : 

Mr. H. STA2CLXT ATHKKri>y. j Mr. P. C. Pops. 

Mr. E. O. Bouox. Mr. John Robimso!!. 

Mr. C F. BoccHisR. Mr. W. H. Sttcliffb, F.G.S. 

Mr. YufCMSfT RaiMAi.i < Mr. Jesse Wallwork. 

Mr. W. Ollbrkrshaw. j Mr. Prrct Lks Wood. 

Mr. WfLUAM PicERONR. | Mr. T. H. Worosworxh. 

HoKORART Auditors: 

Mn J. Barfrb, F.G.a I Mr. Grorqr H. WnmAXLBT, F.G.$. 



Mr. JoHX Gerraud (H.M. Inspector of Mines) said that he 
proposed Mr. BramalFs electicm a year ago, and then sain that 
Mr. Bramall would be the right man in the right place. He 
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waa sure that the members, during' the past year, had found 
those words to be true; no one could have better filled the 
office of President than Mr. Bramall had done, and it was only 
fitting that they should express their appreciation. He there- 
fore proposed that they express to Mr. Henry Bramall their 
sincere and hearty thanks for the admirable manner in which 
he had performed his duty as President of the Society. 

Prof. W. Boyd Dawkins, in seconding the proposal, said 
that he was expressing the feelings of every member when he said 
that they were extremely grateful to Mr. Bramall, their retiring 
President, for the way in which he had conducted the business 
of the Society during the past year. 

The resolution was carried with acclamation. 

The Retiring President (Mr. Henry Bramall), in acknow- 
ledging the resolution, said that he was very much obliged to the 
members for their expression of appreciation. When he accepted 
the office twelve months ago, he feared that he was under- 
taking something to which he would scarcely be able to give 
sufficient attention. However, he had done his best, and had 
received such excellent suppoi-t from the Honorary Secretary 
and other officers of the Society that it would have been a very 
great failing on his port if he had not responded and done what 
he could. He would have been glad if there had been any 
opportunity by which he could have furthered the interests of 
the Society more than he had done. He (Mr. Bramall) had 
great pleasure in moving that the best thanks of the Society be 
accorded to Mr. Sydney A. Smith for his services as Honorary 
Secretary during the past year. Without Mr. Sydney A. 
Smith's assistance, the President would have given but poor 
satisfaction; and he thought, really, that greater thanks were 
due to Mr. Smith, who did everything within his power to 
promote the interests of the Society. 

Mr. Geo. B. Harbison (H.M. Inspector of Mines), in second- 
ing the motion, said that he had seen, perhaps, more of the 
Honorary Secretary's work than the President. 

The resolution was passed with cheers. 



[Oct, 1906. 
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The complete list of the Council for the ensuing year is as 
follows: — 

pteefDent : 

Mr. CHARLES PILKINGTON. J. P. 

!t)fce»pre0fdent0 : 

Mr. JOHN ASHWORTH, C.E. 
Mr. GEO. B. HARRISON, H.M.I.M. | Mr. ALFRED J. TONGE, 
Mr. GEORGE H. WINSTANLEY, F.G.S. 

!t)ices>|>re0fDent0 (ex officio) : 
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FOSSIL-SHELLS FROM CHOBLEY. 

Mr. John Geerard (H.M. Inspector of Mines) exhibited 
shells obtained from the Mountain mine measures at Chorley. 
One series from a marine bed comprized Pterinopecten (Avicvlo- 
pecten), Dimorphoceras (Goniatites), Posidoniella, etc. Another 
series from a fresh-water bed comprized Carhonicola rolmsta, 
Carhomcola acuta and Carhonicola aquilina. A seam of coal 
had been worked for some years at Chorley, and called the 
Mountain mine; and recently a shaft had been sunk from this 
seam, about 270 feet in depth, and a lower seam of coal had 
been found. The marine shells were found about 63 feet below 
the upper seam and about 1 foot below a coal-seam, 10 inches 
thick. The freshwater shells were found about 6 feet above 
the lower seam. The problem to be decided was whether the 
Upper seam corresponds to the Upper Mountain mine and whether 
the Lower seam corresponds to the Lower Mountain mine. The 
position of the marine bed was different from that of the marine 
bed in the Billinge section ; or in the Rochdale, Bacup, Burnley 
and Accrington sections; or in the Halifax and Yorkshire 
sections. He (Mr. Gerrard) hoped that it might be possible to 
bring before the society a section of the sinking. He was 
indebted to Mr. James Cunliffe, the manager of the colliery, 
who had very kindly enabled him to obtain the specimens. 

Mr. Joseph Dickinson thought that the shells were similar 
to those which guided Mr. P. W. Pickup in cutting through the 
fault at Rishton colliery. 

Mr. H. Stanley Athbrton said that at Chorley colliery, 
about 150 feet above the top workable mine, there was a 
self-faced flag-bed, which was very similar to that found at 
Spring Vale, near Darwen, This discovery was the first means 
of its identification in the section of the Burnley coal-field. 



COAL IN KENT. 

Prof. W. Boyd Davjtkins exhibited some specimens of coal 
recently found at Waldershare, in Kent. Three seams were 
found : — The first seam, 20 inches thick, at a depth of 1,818 feet 
7 inches ; the second seam, 40 inches thick, at 1,881 feet 4 inches ; 
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and the third seam, 54 inches thick, at 1,908 feet 9 inches. The 
seams rested upon fire-clay floors and had hard bind roofs. These 
coal-seams, discovered in a new locality, proved the truth of 
the observations which he had addressed to the Society since 
the year 1886. He hoped, at some future time, to give the 
Society the results of his enquiry into the range of the coal- 
fields of Somerset and South Wales, eastward into Kent. 



DISCUSSION OF MR. A. J. TONGE'S PAPER ON 
* UNDERGROUND FANS AS MAIN VENTILATORS.'** 

Mr. H. W. G. Halbaum (Birtley) wrote that Mr. Tonge's 
system of placing the fans belowground certainly had two strong 
points in its favour : — (1) The convenience afforded by the open 
upcast shaft, and (2) the avoidance of the usual leakage occurring 
at the top of that shaft. Those advantages might, or might 
not, according to circumstances, outweigh some rather serious 
counts on the other side of the argument. Mr. Tonge's asser- 
tion, however, that the system entailed ** no loss whatever from 
leakages "t seemed to be more enthusiastic than sound, and 
the author, in fact, rebutted his own argument by saying that 
'' even with undierground fans, there may be sufficient leakages 
in each individual seam to justify the erection of fans working 
in series with one another.} 

Despite the advantages admitted for the system of placing 
the fans belowground, it was not at all clear that, on the whole, 
the system was superior to the ordinary practice of placing the 
plant entirely aboveground. One serious objection to Mr. 
Tonge*s method was that it made the upcast shaft the seat of 
the higher pressure, as compared with the downcast colujnn ; and 
that, in fact, appeared to be an evil inseparably associated with 
the system. The first result of that difterence of shaft-pressures 
was to establish a minus water-gauge against the entire ventila- 
tion of the pit. The second result was that the inevitable leak- 
age through the separation-doors (Plate V.§) was not, as under 
the surface-fan system, a comparatively harmless leakage of 
fresh air from the downcast shaft to the upcast shaft, but a most 

• Trans, livti. M, E.y 1906, vol. xxxL, page 207 ; and vol. xxxiL, page 143. 
t /Wd., vol. xxxi., page 219. % Ibid,, vol. xxxi., page 212. 

$ Ibid,, vol. xxxi., page 218. 
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objectionable and even dangerous leakage of foul air and gases 
from the upcast shaft into the great trunk intake-currents of the 
mine or mines. In the event of an accident to any one set of 
separation-doors, the result would inevitably be the wholesale 
fouling of the entire ventilation. Members would readily per- 
ceive the real force of that objection by reflecting that, under 
Mr. Tonge's method, the pressure of any given layer of air in 
the upcast shaft must necessarily exceed that of the outer 
atmosphere, whilst the pressure of any given layer in the 
downcast shaft must necessarily be less than that of the outer 
atmosphere. In each case, the difference of pressure obtaining 
between the given layer and the atmosphere would be equal to 
the pressure due to friction in the shaft overhead. In the upcast 
shaft, that difference was plus, while in the downcast shaft, the 
difference was minus, so that the motive column of leakage from 
the upcast shaft to the downcast shaft in any given horizontal 
plane was equal to the motive column expended on friction in 
both shafts above the given plane. 

One could not pass over the possibilily of accidents to separa- 
tion-doors, it was a contingency that should not be left out of 
account, and the possibility was by no means a remote one. Con- 
sider the case, say, of the A seam. It followed from the character 
of the differential shaft-pressures that, under Mr. Tonge's system, 
the separation-doors would require to be hung so as to open 
against the superior pressure in the upcast shaft. A slight coal- 
dust explosion on the main intake-airway of the A seam would, 
just like other similar blasts, travel against the wind and back 
to the downcast shaft. Its momentum would carry it across 
that shaft, and it would collide with the separation-doors, throw- 
ing them open with more or less violence, and very possibly 
damaging them to such an extent as to render them useless. The 
blast of such a minor explosion, or even the shock of a heavy 
shot blown out on the intake-airway might do so much, and yet 
leave the fan at the other side of the upcast shaft uninjured. 
In such a case, the still-revolving fan would exhaust the noxious 
fumes from the intake air-way by way of the workings, and 
passing them through itself would expel them, for the greater 
part, through the frames of the broken doors, into the downcast 
shaft; and it would do this simply because, under Mr. Tonge's 
system, the downcast shaft was a region of much lower pressure 
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than ^ke upcast. Under the ordinary surface-fan arrangement, 
an accident to the separation-doors merely suspended the ventilat- 
ing current in the working-places; but Mr. Tonge's method, 
under similar circumstances, positively transformed the current 
into a death-dealing engine of destruction. That consideration 
appeared to furnish a fatal objection to the use of underground 
fans as main ventilators for fiery or dusty mines. Under such 
a system, the provisions of the Coal-mines B/Cgulation Act would 
require to be reversed, and matters would have to be so arranged 
that any explosive blast capable of injuring the separation-doors 
should instantly and automatically put out of action the entire 
series of fans at work underground. Otherwise, pending the 
getting to work of the stand-bye plant at the surface, the whole 
of the men in the mine might be suffocated by the fan-driven 
fumes propelled through all the workings of the mine. 

Mr. Tonge was also positive about the superior economy of 
his system. His claims in that respect appeared to be rather 
extravagant; and, apart from the economy of power effected at 
the top of the upcast shaft, high efficiency was not evinced by 
any of the data supplied in the paper. It should not be for- 
gotten that the field for economizing wa« very much less than 
the field covered by the entire ventilation. Mr. Tonge's system 
could not save a single jot of the power required for shaft-fric- 
tion and final velocity, neither could it effect any reduction of 
pressure in the seam of maximum drag. Shaft-friction often 
absorbed 50 per cent, or even more of the total pressure, and 
altogether some 60 or 70 per cent, of the ventilation-cost was due 
to a kind of preferential stock upon which constant uniform 
dividends had to be paid, irrespective of the question as to 
whether the ventilating plant were placed on the surface or 
underground. The utmost that could be attempted was to save 
a percentage of that which was itself a mere percentage of the 
total cost. From that point of view, such illustrations as that 
of the five mines requiring from 1 to 5 inches of water-gauge 
each,* where the one system costs 66 per cent, more than the 
other, seemed to be singularly far-fetched and unpractical. 
Neither Mr. Tonge nor any other engineer could save 60 per 
cent, of a sum, of which 60 per cent, was already paid away, and 
of which a further percentage was required for actual necessaries. 

* Trana^ InsU M, E,, 1906, vol, xxxL, pages 2 H and 212, 
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Furthermore, if one referred to Table I.* it appeared tkat the 
practical economical results were as shadowy as the theoretical 
illustrations. It was there recorded that 25 horsepower in the 
air were obtained from 69 brake-horsepower of the motors. 
Those practical results accruing from Mr. Tonge's method 
should be compared with the over-all efficiencies lately obtained 
by motor-driven fans of the Waddle and of the Capell types 
working under the ordinary system. 

He (Mr. Halbaum) could not help feeling sceptical with 
regard to the claims advanced, on the score of largely increased 
economy, for Mr. Tonge's system of underground fans. Because 
(1), as previously stated, that system of ventilation began, owing 
to its unhappy distribution of shaft-pressures, by setting up a 
water-gauge against its own work. (2) Air was a material that 
required to be handled very gently, and Mr. D. Murgue had laid it 
down, as the first principle of fan-design, that the machine should 
receive the air without shock. The air at a regulator, again, was 
practically killed by shock. Hence, it was notorious that shock 
was, in the case of all gaseous fluids, a merciless destroyer of 
pressure. Instead of a moderately sized fan at the surface, Mr. 
Tonge had installed three small fans underground; the dia- 
meters varied from 30 to 45 inches, and the revolutions from 400 
to 600 feet per minute. Under present conditions the fan on 
the A mine was 30 inches in diameter and the water-gauge at 
580 revolutions per minute was i inch. The useful water-gauge 
was therefore, about one-third of the theoretical water-gauge 
due to that speed of the periphery: most of the rest being 
destroyed by shock, as at an ordinary regulator. The accelera- 
tion which it was attempted to impart to the air was unreason- 
able, and was inseparable from disastrous shock. Mr. Tonge 
claimed that he had done away with regulators. The truth was 
that he had simply called the real regulator by another name: 
his regulator was a more wasteful machine than the ordinary one, 
for it created by power, and then destroyed by power, a greater 
surplus of pressure than the difference required as between the 
seam of minimum drag and that of maximum drag. It was such 
gratuitous wastes of power that largely accounted for the fact 
that 69 brake-horsepower were required at the motors to generate 
25 horsepower in the air as shown in Table I.* 

♦ Trans, Inst, M. E.y 1906, vol. xxxL, page 209, 
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Mr. Tonge further spoke of *' the convenience of being able to 
regulate the supply of air in one mine, as in the case of the under- 
ground fans, without affecting any other ; " * and that discovered 
at once the profound fallacy of which Mr. Tonge had become 
enamoured. The fact was that, at Hulton colliery, the venti- 
lating plant consisted of three units, each one of which continu- 
ally reacted against the other two. It was the case at all 
collieries that the ventilation of one -seam reacted against the 
ventilation of all the others, but it was surprising to find that 
Mr. Tonge imagined that his particular system enabled him to 
evade those reactions. He (Mr. Kalbaum) was inclined to think 
that the system at Hulton colliery accentuated the severity of 
such reactions, although he did not intend to argue that point. 

But with respect to the fact of the mutual resistance of the 
several fans, or in other words, the mutual reaction of the several 
ventilations on each other, Mr. Tonge could easily prove it in 
the following manner: — Let him take any suitable opportunity 
when the pit was off, and let any two of the three fans be stopped 
for a couple of hours ; and during this time let the third fan be 
run at its usual speed. He would then find that the water- 
gauge of the running fan and the volume of air passing through 
the fan would both be altered, the one being diminished and the 
other augmented. He would also find a current of air passing 
through each of the standing fans, but passing in a direction con- 
trary to that taken under the normal conditions, when all three 
fans were at work. For example, if the fan in the A mine acted 
alone whilst those in the B and C mines stood still, the flow of 
air produced by the A fan would take the course indicated by 
the arrows in Fig. 1 (Plate XI.). If the B fan acted alone, 
whilst the A and C fans stood still, the situation would be that 
delineated in Fig. 2 (Plate XI.); and if the C fan were to 
run alone, whilst the A and B fans stood still, the air-currents 
would flow as shown in Fig. 3 (Plate XI.). In each figure, 
the full-line arrows showed the air-currents of greater pressure. 
Thus each fan continually endeavoured to reverse the ventilation 
produced by the other two, and each was obliged to do work in 
simply bringing the air to rest, as it were, before it could propel 
its own current through its own mine in the proper direction. 
An increase in the speed of any one fan would increase the water- 

♦ Tr(VM. Iiv8t, M, E,, 1906, vol. xxxL, page 217.. 

o 
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gauge and volume of air produced by that fan; and the other 
two fans would have to increase their speeds and their already 
inflated water-gauges simply to maintain their volumes at the 
same values as those obtained before the speed of the first fan 
was augmented. 

It was thus quite clear that, whether a surface fan or a 
number of underground fans were employed, the ventilation of 
each seam would react against the ventilation of the others 
Hence, to speak of the convenience of regulating the supply of 
air in one seam without affecting any other was to speak of a 
myth and an impossibility. 

Mr. Tonge stated that a surface fan was obliged to run '' at a 
speed, suitable for the one mine of the three which has the 
heaviest drag,"* and claimed that the employment of underground 
fans avoided or evaded that condition. It would, however, be noted 
that all of Mr. Tonge's fans were of similar make, namely, the 
Sirocco make; and it might, therefore, be reasonably inferred 
that all would have approximately the same manometrical 
efficiency. It might from that be Bigsin inferred that the fan on 
the A mine, having to produce only | inch of water-gauge, would 
not need to run at so great a tangential velocity as the fan on 
the C mine, where the required water-gauge was I| inches; 
and still less would it need to have such a tangential speed as 
that of the fan on the B mine, where the water-gauge required 
was If inches. The facts of Mr. Tonge's practice, however, as 
compared with this deduction from his theory, proved that the 
three fans ran at practically the same tangential velocity ; in 
other words, they all encountered the same resistance, namely 
the resistance of the mine of maximum drag. The tangential 
velocities of the three fans (calculated from the results recorded 
in Table I.t were as follows : — A seam fan, 75"9 feet per second ; 
B scam fan, 766 feet per second; C seam fan, 750 feet per 
second ; the mean velocity of the three fans, 758 feet per second; 
and the maximum and minimum speeds differed from the mean 
by 1 per cent. According to Mr. D. Murgue's tables, the theoretical 
depression due to this mean speed was 2*57 inches of water-gauge. 
The fan on the A mine exceeded the mean speed, and the 
normal water-gauge of that mine, according to Mr. Tonge, was 

• TVoiM. Inst, J/. E., 1906, toL xxxi., page 210. 

t //>!>/., vol. xxxi., page 209. 
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i inch. How did Mr. Tonge account for the balance? AVhat 
did he mean by the " normal " water-gauge of the mine P What 
did he mean by speaking of his three fans ** each running at the 
nearest speed to the mine-requirements,"* when all three fans 
were running practically at the same speed P For the tangential 
speed was the only speed that correlated with water-gauge. 
What, again, was the use of a smaller visible water-gauge, unless 
it was associated with a lessened tangential velocity P And where 
was the economic difference between destroying the surplus 
water-gauge at a regulator in the mine, and destroying the same 
surplus at an unduly contracted orifice of passage in the fanP 
And finally, with regard to shock, would Mr. Tonge state what, 
in his opinion, was the normal or radial acceleration in feet per 
second per second which it was attempted to impart to the air 
in its passage through the A fan at 580 revolutions per minute ; 
and whether, in his opinion, that acceleration could be carried out 
without the severest shock P 

Mr. Alfbed J. Tonge wrote that Mr. Halbaum devoted one 
short paragraph to an admission of two strong points in favour 
of the use of underground fans, and then proceeded to devote 
almost the whole of the remainder of his remarks to the details 
of probable happenings, largely based upon improbable assump- 
tions. 

Mr. Halbaum's objections to the use of underground fans 
from the safety standpoint appeared to be based upon ex- 
aggerated notions as to the amount of pressure-difference exist- 
ing between the upcast and downcast shafts. In the case of a 
surface fan this might be very considerable, for it amounted to 
practically the whole water-gauge of the fan; and any leakage 
through old mines or other mouthings might amount to a very 
serious loss. With underground fans, the pressure-difference 
was very small, and remained constant, in a portion of the water- 
gauge on the various mines, so long as the quantity of air passing 
up or down the shafts remained constant; and, further, as the 
water-gauge increased, due to the extension of the mine or 
reduction in the size of the airways, the proportion of the shaft- 
resistance was reduced. One observed fact might be mentioned, 
to show how small the shaft-resistance, or the difference of shaft- 

• Trana, Inst. M. E., 1906, vol, xxxL, page 21p. 
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pressure, actually was. When the three fans described in his 
(Mr. Tonge's) paper were fully at work, any roadway directly 
connecting the two shafts in other seams was approximately in 
a state of balance, and the air-currents alternated in direction 
with changes of atmospheric temperature. The actual water- 
gauge readings taken at the three fans upon the quantities of air 
referred to in the paper, confirming this statement, were re- 
corded in Table I. ; and on a mine water-gauge of 5 inches the 
shaft-friction would be 2, 2 and 3 per cent, respectively. In- 
cluded in the so-called shaft water-gauge was also the water- 
gauge due to the resistance of the air-way from the fan to the 
upcaat-shaft, so that, as proved by experiment, the two shafts 
were almost of equal pressure, more influenced by temperature 
than by frictional resistance, and for all practical purposes might 
be taken as reservoirs of air. 

Table I — Ratios of Mine and Shaft Water-gaugee. 



Name of Mine. 


Water-gauges. 
Mine. Shaft and 

Outlet Airways. 
Inchea Inohee. 


Per cent. 


A 


i 


010 


11-4 


B 


1| 


0-10 


6-1 


C 


Ig 


0-15 


10*9 



Mr. Halbaum's assumption that 50 per cent, or more of the 
fan water-gauge was due to shaft- resistance was thus very much 
beside the question in this particular instance, and in all cases 
where the conditions were suitable for the use of underground fans. 
If it were possible to have so large a propoi-tion as 50 per cent., it 
must almost of necessity occur in the case of a mine having low 
water-gauges, with short and proportionately large air-ways and 
considerable air-currents, and with restricted area in the shafts. 
The latter conditions were named in his (Mr. Tonge's) paper as 
being suited to the use of surface fans. It was this abnormal 
shaft-resistance that caused Mr. Halbaum to foresee such catas- 
trophes by the leaving open of the separation-doors ; for, where 
the shaft-resistance was so small, the amount of air passing 
through the open doors depended rather upon the position of the 
fan relative to the upcast-shaft than upon any other cause. In no 
case, in the mines in question, did the whole of the air return 
back through the separation-doors when open. In one case, 
the air actually passed from the downcast to the upcast, and 
jiot vice versa as prophesied." Any iaceidental leaving open of 
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the separation-doors would thus be less dangerous than if a 
surface fan were the ventilator, for the air in the latter case 
would pass straight from the downcast- to the upcast-shaft, 
leaving the workings untouched ; while, in the assumed case of 
an explosion knocking down the doors, and the underground 
fan continuing to run, fresh air would still be delivered into 
the workings. He might point out, however, that any assump- 
tion of the separation-doors being blown down without damage 
to the other parts of the mine drew upon one's imagination 
very far, for a simultaneous action would take place on the 
fan air-lock doors and casing, which were equally open to the 
haulage-road, and were specially arranged so as to give way 
under such circumstances. This would have the effect of short- 
circuiting the air, and would leave things in that mine very 
much as in the case of a surface fan. Were he to follow up the 
point he might show how, where a surface fan was at work, if 
an explosion occurred in one mine and the separation-doors were 
blown down as described by Mr. Halbaum, the air being short- 
circuited in that mine, would at once bring down the water- 
gauge of the fan, and so would not only leave the workings of 
the mine practically unventilated but would reduce the air pass- 
ing through other mines possibly to dangerous limits. He did 
not wish to minimize any probability of danger, in view of explo- 
sion, arising from the working of surface or underground fans, 
for nothing but good could come of forecasting such events, if 
the emergency was thereby better prepared for. 

He thought that Mr. Halbaum would have done better if he 
had assumed that many of these things had been discussed and 
arranged for, rather than deal with them in the somewhat hyper- 
critical manner which he seemed to have preferred, as the ar- 
rangements for putting in underground fans were not necessarily 
similar to those of surface fans, but this surely went without 
saying. 

A fan must be capable of doing the maximum duty required 
during the lifetime of the mine; and it usually corresponded 
to the highest water-gauge, and, therefore, to the highest speed at 
which the fan would have to run. A fan would give its maxi- 
mum efficiency for a certain quantity, speed and water-gauge, 
and for these only. Any variation in any of these three 
quantities implied a lowered efficiency. The fan should there- 



22 DISCUSSION- -rXDERGKOtJND FANS. [Oct^, 1906. 

fore be designed to give its maximum effieieacy at somewliere 
about the middle of the life of the mine. At any other than the 
best speed, there was one particular quantity and water-gauge, 
that is, one particular orifice, which gave the best efficiency for 
that speed. The speed at which the fan had actually to be 
run was that at which it would drive the required volume of 
air through the mine. As a rule, it was probable that the mine- 
orifice did not coincide with that which gave the best efficiency 
at this speed, but probably corresponded to a much lower efficiency. 

In the early days ol the mine, therefore, not only was the 
efficiency low, owing to the lower speed at which it was neces- 
sary to run; but, unless the mine-orifice happened to agree with 
the most efficient orifice for that speed, the actual efficiency 
would be less than the best that could be obtained at that low 
speed. This accounted for the somewhat low fan-efficiency 
obtained at present in this the third year of the working of the 
underground fans at Hulton collieries. 

The requirements of each mine had first of all to be tested, 
it was found that the A mine had a lower resistance than the 
B and C mines, and a note in his paper was made of the fact 
that it waa intended to change the motor (and consequently the 
speed of the fan).* 

Mr. Halbaum did not appear to grasp the point that each 
mine was developing, and therefore continually requiring a 
higher water-gauge. This was met by increasing the size of 
the motor-pulley, and, consequently, the speed of the fan, or by 
reducing the artificial resistance : the former aifor Jing a coarse, 
and the latter a fine, adjustment. He did not claim to have 
abolished regulators as stated ; but, as he had pointed out, the 
amount of pressure dropped in these resistances was small com- 
pared with what would be necessary in the case of a single 
surface fan. Already in the case of the B fan, the development 
of the mine had required an increase in the fan-speed, and the 
pulley had been changed. Mr. Halbaum's remarks on tau- 
gential velocity savoured somewhat of hair-splitting, and were 
more a matter of fan-design. Practical experience proved that 
the characteristic of a fan, when working at a duty much below 
that for which it was designed, differed very greatly from the 
theoretical characteristic, and was diffei-ent for different fans. 

* Trans. Inst. M. E,y 1906, vol. zxxL, page 208. 
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Mr. Halbaum had, moreover, taken no account of the blade- 
angles, which considerably affected the relation between the speed 
and the water-gauge. 

He thought that Mr. Halbaum would now be prepared to 
admit that, where the shaft-resistance was so low, the 
stopping of one or more fans did not affect the other 
fan or fans to any appreciable extent. It was found by experi- 
ence that the air-currents through the standing fans were very 
small, and their direction was chiefly determined by the tem- 
perature of the two shafts, varying between day and night. 

Mr. Halbaum had referred to the reaction of one fan upon 
another, as though it was something beyond that due to shaft- 
friction, whereas there was no other possible cause, and this had 
already been shown to be too slight to be of any moment. 

In modem practice, shafts were large in area and workings 
extensive; consequently, Mr. Halbaum would be much nearer 
the mark, if he assumed shafts as approaching to reservoirs of 
air rather than as constituting such greatly obstructed air-ways. 



Mr. W. McKay^s paper on ** The Boultham Well at Lincoln " 
was read as follows : — 
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THE BOULTHAM WELL AT LINCOLN. 



By WILLIAM MoKAY. 



Introduction, — ^The city of Lincoln and suburbs were prac- 
tically dependent for the supply of water upon the river Wi- 
tham, which was contaminated by the sewerage from the farms, 
hamlets and towns near its banks, right away from its source. 
The City Council decided to bore for a fresh supply of pure 
water, and directed the Waterworks Committee to secure ten- 
ders for the boring of a deep bore-hole to supply at least 
1,000,000 gallons of water per day. 

The contract for boring was let, and operations were com- 
menced in October, 1901. A bed of running sand having 
been found near the surface, metal tubbing, 12 feet in inside 
diameter, was constructed upon the ground in segments bolted 
together in the usual way, the joints being made with sheet- 
lead. The tubbing was placed in position, and pressed down 
by weights, and the sand and other material was taken out of 
the inside. The segments of the cast-iron tubbing were 5 
feet long, 5 feet wide, and 1§ inches thick, with stiffen- 
ing ribs across the centre, and all the flanges were bracketed 
between the bolt-holes. The flanges were 1§ inches thick, 
and the brackets and ribs 1 inch thick. The bolts, IJ inches 
in diameter, were spaced 9 inches apart. This process 
was continued until a depth of 27J feet of tubbing was put 
down: about 6^ feet of the tubbing being pressed into the 
underlying clay of the Lias fonnation, so as to keep back the 
surface-water. 

Erection of Machinery. — Long pitchpine baulks were placed 
across the tubbing from north to south, upon which cross baulks 
were placed, sei-ving as pillars upon which other long baulks 
were pla<?ed to support the engine-bed, engine, head-gear, etc. 
The machinery consisted of a high-pressure horizontal engine, 
with two cylinders, each 10 inches in diameter, with com- 
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pouiid gearing, fitted with a drum for a flat-rope for winding 
purposes, a vertical cylinder in which a piston was placed to 
work the boring tool, a back-screw to clamp the rope (and to 
give slack rope when boring operations were proceeding), a 
vertical multitubular boiler to work at 100 pounds pressure, 
etc. There were two pulleys : one fixed on the top of the ver- 
tical cylinder; and the other served as a guide, at the back of 
the head-gear, in a position between the drum and the main 
pulley. 

Boring and Tubing. — Actual boring operations commenced 
in March, 1902. The boring tool consisted of a long bar, about 
4J inches in diameter, with a steel block at the bottom end, 
a bow and ratchet at the top end and two guards, one fixed on 
the bar a little above the block, and the other fixed immediately 
below the bow and the ratchet. The cutters and shells were 
made secure to the block with washers and nuts. When 
boring, the horizontal winding-engine and the drum were at 
rest, the back screw having been screwed up, and the rope 
was clamped so that it could not move from that point on the 
drum. The vertical cylinder then did the actual work of bor- 
ing: the piston working inside this cylinder pushed up the 
pulley over which the rope was conveyed, and raised the tool 
attached thereto a distance of about 3 feet. The tool was 
dropped automatically, and the cutters, striking on the bottom 
of the hole, cut the strata by the percussive motion. The tool had 
also a rotary movement, induced by the ratchet fixed at the top of 
the bar. The top guard prevented the top end of the bar from 
tilting sideways, so that a very straight and perfectly round 
hole coiild be bored. The number of strokes per minute varied 
with the different qualities of strata through which the hole 
was being bored. The bore-hole was cleared with a shell-pump, 
which brought up the loose material. 

Boring was continued as long a« possible, or until such time 
as the sides became troublesome, and tubes were then placed 
in position down the bore-hole. A length of 400 feet was bored, 
and then tubes, 30 inches in diameter, were inserted, each tube 
with couplings being about 18 feet long. They were screwed 
together one at a time, lowered, and clamped at the top of the 
well, and this process was continued until this length of tube 
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was placed in position. The lowest tube was fitted with a shoe 
which rested on the bottom. 

After putting in this length of tubes, the size of the bore- 
hole was reduced, and a new block and guards were introduced 
to suit the reduced diameter of the hole. After this change 
had been made, boring was continued for a further depth of 
200 feet, until the sides again became troublesome, and 200 
feet of additional tubes, 2G inches in diameter, were placed in 
position. A further reduced hole was bored for another depth 
of 100 feet, and it was lined with tubes 24 inches in diameter. 

The boring was continued of reduced diameter until a depth 
of about 886 feet was reached; but the sides of the hole then 
gave way whilst boring was in progress, fell down on to the top 
of the tool, and jammed it fast. Whilst the borer was trying to 
liberate the tool, the rope broke, and the tool was lost for the 
time being. It was then decided to sink the well in order to 
recover the tool, and to proceed to a further depth with the 
boring apparatus. 

Sinking. — In 1904, the writer expressed the opinion that the 
700 feet of tubes could be got out, the tool recovered, and the 
sinking continued to a depth of 900 feet within twelve months, 
and this work was accomplished within the time specified. After 
making the top of the shaft secure, rails were laid on the baulks 
so that the carriage for the hoppets might run over the mouth 
of the shaft. 

The sinking of the shaft was commenced in April, 1904, every 
care having been taken not to disturb the tubbing, because of 
the danger of letting in the surface-water. To ensure this 
end, hangers (Fig. 1, Plate XII.) made of iron bars, 3i feet 
long, 2i inches wide and i inch thick, and twisted at the top 
end, were bolted to the bottom flange of the tubbing. On the 
hangers was placed a skeleton-ring (Fig. 4, Plate XII.) made of 
iron bars, 2i inches wide and | inch thick, composed of segments 
made to templet, with two holes on either end. One end of 
each segment was cranked, so that when bolted together the ends 
overlapped each other. Boards, 6 feet long, 9 inches wide, and 
1 inch thick, were placed at the back of the ring, and wedged tight 
so as to keep the sides secure, and to prevent any subsidence 
below the metal tubbing. A skeleton-ring was placed every 
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6 feet in depth, the length of the hangers (Fig. 2, Plate XII.), and 
boarded behind. Each length of boards overlapped the other 
by about 1 foot (Fig. 8, Plate XII.). 

Sinking had not proceeded very far before a cavity was found, 
which had been caused by the sides having given way during the 
previous boring operations. This cavity was filled before proceed- 
ing further with the sinkings. 

When the sinking had reached a depth of 37 feet below the 
bottom of the tubbing, a double bricking-ring was put iD , formed 
by placing one ring, 9 inches wide and 8 inches thick, inside 
another, and bolting them together with pieces of plank, 21 
inches long, 9 inches wide and 3 inches thick, reaching from the 
front to the back of each segment (Figs. 5 and 6, Plate XII.), 
and the brick-work lining of the shaft was built upon it. 
All the bricking in this length was solid work, four courses 
of stretchers, and one course of headers or binders laid with 
mortar, composed of 1 part of Portland cement to 3 parts by 
measure of fine riddled Trent sand (Fig. 8, Plate XII.). 
When bricking, all the boards, skekton-rings and hangers 
were taken out, one length at a time, so as to allow the 
bricking to be built solid into the sides, in order to make it 
doubly sure that no surface-water could get down at the back 
of the brick-work. The top part of this length was done in 
quarters. Wooden segments were placed at intervals below 
the metal tubbing, and built in solid, so that the tubbing was 
efficieatly supported. 

The bricking scaffold was made in three parts, namely : — A 
centre and two wings, with hinges, pins and strong iron bars, 
about 2 feet long, to serve as pudlocks ; and rested on the wall 
about 4i inches when bricking. When sinking below the brick- 
ing-rings, care was taken to leave as much solid ground below 
them as possible. 

The first set of hangers, 3^ feet long, was bolted to the 
bricking-ring, and the top ends of the boards were placed close 
to the bottom of the bricking-ring, flush with the front, so as 
t^ enable the line to be put on whenever required for putting 
inside holes. 

The sides of the shaft were sheared back, so as to take out 
sufficient ground to enable the brick-work to be built without 
having to take out more ground below the first length of boring. 
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In the sinking of this shaft, several hard beds were passed 
through, some of which were almost entirely composed of am- 
monites and other shells, which in many cases could not be 
drilled by ratchet-machines, and hand-drilling was adopted. 

When the sinking had reached a depth of 400 feet 11 inches, 
the shaft was reduced in inner diameter from 12 feet to 9 
feet (Fig. 9, Plate XII.). The sinking of this well was somewhat 
more difficult than an ordinary shaft, on account of the tubes, 
30 inches in diameter, being inserted down to the 400 feet level, 
and these had to be taken out one at a time as they were freed. 
Below the depth of 400 feet, the tubes, 26 and 24 inches in 
diameter, were removed in the same way. This process con- 
tinued until the sinking reached a depth of 700 feet, and the 
last of the tubes had been removed. At this point another diffi- 
culty presented itself, as the bore-hole, open for nearly 200 
feet below, had to be filled up. The sinking was then con- 
tinued until the lost tool was recovered at a depth of 885 feet, 
and further until a depth of 891 feet 7 inches was reached. At 
this point a bricking-ring was put in, and the length bricked 
up ; and as this was supposed to be the last length of bricking, 
bearer-holes were made in the upper part of it to carry a scaffold. 

Boring, — About 9 feet of sinking was done below the last 
ring, and the bottom was levelled. A guide-pipe, 6 feet long 
and 3 feet in diameter, was put down and enclosed in concrete, 
so as to keep it in position. Another pipe, of the same dimen- 
sions, was bolted on the top of the other, and enclosed in con- 
crete to within 1 foot of the top of the guide-pipe. Besides keep- 
ing the guide-pipes in position, this concrete made a good well- 
bottom, being composed of 1 part of Portland cement mixed 
with 5 parts by volume of broken bricks, mixed with sand and 
gravel. Two steel girders were placed in the bearer-holes and 
made fast, two other girders were placed across the fixed girders 
with a wooden roller on each, and when the boring waa proceed- 
ing, the loose girders were placed close to the rope, one at each 
side, and bolted to the fixed girders, so as to serve as a stay and 
to keep the rope more rigid when moving up and down. Boring 
had not proceeded far, on account of the marl being softened by 
contact with water, before the sides gave way to such an extent 
that the tool worked at a higher level at the end of the day thau 
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at the beginning. The bore-hole was then emptied of water 
and loose marl. Two skeleton-rings were inserted and boarded 
up, and concrete was filled in behind the boards so as to support 
the sides. The sides were maintained by this method, but pro- 
gress was slow. After passing through two hard blue bands 
and a rock-bed, a little water was again tried, and the sides soon 
became again troublesome. The bore-hole had to be cleat d 
out by the use of buckets, and another ring inserted, boarded, 
and concreted, so as to support the sides. Boring was then re- 
sumed and continued, almost without water, until the sides gave 
way, and then tubes, 30 inches in diameter, were inserted. 
Boring was again resumed, but did* not continue long on account 
of the red marl not being strong enough to stand, when in water. 
It was then decided to abandon the boring, and to recom- 
mence sinking operations until near the New Red Sandstone. 

The tubes, concrete and guide-pipe were taken out, and sink- 
ing operations recommenced in June, 1905, and continued until 
a depth of 1,502 feet 3 inches had been reached. During the sink- 
ing of the last 150 feet, a pilot-hole was kept in advance, so as to 
prevent any unforeseen inrush of water. After bricking up the 
last length, the pilot-hole, 3 inches in diameter, was continued 
to a depth of 59 feet 3 inches below the last ring, and water was 
tapped on March 2l8t, 1906, at a depth of 1,561 feet 6 inches. 
The last 3 inches was bored in New Eed Sandstone (Table I.). 

Tabus I.— Dimensions and Depths of Shapis and Bobjbholb. 





Length. 
Ft. Ins. 


Depth from 
Surfftoe. 
Ft. Ins. 


Shaft: 12 feet in diameter 


... 403 11 


403 11 


„ 9 feet in diameter 


... 1,098 4 


1,502 3 


Bore-hole : 33 inches in diameter 


59 3 


1,561 6 



After the boring rods had been withdrawn, a lead plug was put 
down the hole, followed by two wooden plugs, 5 feet and 3 feet 
long respectively, but the water could not be stopped by this 
means. A guide-pipe, 6 feet long and 3 feet in diameter, was 
fixed in position in the shaft-bottom and surrounded by cement- 
concrete to within 1 foot of the top of the pipe. The concrete- 
bottom did not stop the water, which continued to percolate 
through it, and rose in the shaft at the rate of several feet per 
day. 



so THE BOULTHAM WELL AT LINCOLN. [Oct., 1906. 

Bricking. — ^The lower 5 or 6 feet of every length of brick- 
work was built ia solid, so as to make each length self-support- 
ing, even if the bricking ring should happen to give way. 

Ventilation. — The shaft was ventilated by a small fan that 
forced fresh air through circular air-pipes, each 12 inches in 
diameter and 6 feet long. Bearers and pudlocks were inserted 
at certain distances, and the air-pipes were clamped to every 
bearer so as to prevent them from falling down, if the bolt 
should break. The shaft served as the return airway. 

Strata, — ^The strata sunk through comprized Liaasic clays, 
marls and shales ; Upper, Middle and Lower Rhaetic marls and 
shales; and Eeuper marls (Table II.). 

Tablb. n. — SxcnoN of Strata sunk thbouoh dt the Sikoho aud 

BOBIMG OF BoULTHAM WbLL, NBAIt LlNCX>LM. 

ThicknMB Depth from 
DMcriptiaBorStnite. 

Boa 

Sftnd and gnvel 

Lias 

Upper Bhaetic 

Middle Rhaetic 

Lower Rhaetic 

Reaper MarU 

New Bed Sandstone 

The Lias formation contains many fossils of various species, 
such as ammonites, belemnites, gryphites, and other shells. 
The upper portion of the sinking is in Lias, to a depth of 640 
feet 11 inches, the bottom being about 620 feet below the sea- 
level. 

The Upper Rhaetic beds of dark red marl, 16 feet thick, 
lie immediately between the Lias and the Middle Rhaetic beds 
of dark shale, 18 feet 2 inches thick, containing a large num- 
ber of fossils, pyritized imprints of shells and ammonites. When 
sinking through these strata, many loud ** groumps " were heard ; 
and, in fact, they were constantly on the move, when exposed 
to air. The Lower Rhaetic beds, of strong grey marl or shale 
and rock-band, are 17 feet 10 inches thick. 

The Keuper marls, underlying immediately the Lower 
Rhaetic beds, comprize red marls interbanded with gypsum beds, 
green and blue bands, rock-beds and bauds, gypsum-nodule beds 



oCSUste. 


tafiii 


Ft IM. 


Fl IM 


4 


4 


18 


22 


618 11 


640 11 


16 


656 11 


18 2 


676 1 


17 10 


602 11 


868 4 


1,561 3 


3 


1,561 6 
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and thin layers of grypsum. In sinking through this series, the 
only fossil found appeared to be a detached portion of a plant- 
stem or branch {Voltzia). The sinking of this shaft was com- 
pleted without any serious accident. 

Water-supply. — The flow of water from the pilot-hole, after 
the lead plug had been put down, was at tha rate of nearly 
9,600 gallons per day of 24 hours. After the bottom of the 
shaft had been closed with cement-concrete, and the guide-pipe 
fixed, the water percolated through the concrete at the rate of 
3,600 gallons per day of 24 hours. A boring, with a hole 33 inches 
in diameter, was made from the bottom of the shaft at a depth of 
1,502 feet 3 inches, until on approaching the New Red Sand- 
stone, the water broke through and lifted the tool several feet, 
although its weight was about 2^ tons, showing that the pressure 
waa very great. The breaking in of the water was heard at the 
surface, like the rolling of thunder, and the water rose in the 
shaft to a height of 180 feet in 15 minutes: consequently the 
flow must have been at the rate of 6,868,800 gallons per day 
of 24 hours. The water rose rapidly up the shaft to the surface- 
level in less than 24 hours, and continued to run away at the 
surface at the rate of 8,000 gallons per hour. 

The boring operations are still proceeding. 



APPENDIX, 

Section of Strata Sunk and Bobkd through in '^it Boultham 
Well at Lincoln. 



Thick- Depth 

nen of from 

Deflorlption of StraU Strata. Surface 

Ft. InB. Fu Ibb. 

Soil 4 4 

Sand and gravel ... 18 22 

Lficui : 

Blue marl or clay ... 5 6 

Blue marl containing , fossils of the am 

small boulders ana monite family and 



Thick- Depth 

,* ^ .. -« new of from 

DescripUon of Strata. Strata. Surface. 

Ft. Ini. Ft. Ins. 

Ironstone Q 4 

Blue marl containing 
fossils of the ammon- 
ite family and shells 7 
Blue marl containing 



nodules, also fossils of 
the ammonite family 
and beleminites petri- 
fied wood with parti- 
cles of coaly etc., and 



shells 31 9 

Very hard shell and 

ammonite bed ... 3 6 

Blue marl with shells 

and ammonites ... 12 



shells of various kinds Very hard shell and 

and sizes 37 ammonite bed ... 8 

Blue marl with fossils 41 9 Blue marl with aminon- 

Ironstone { roun<l the ites and shells ... 21 10 

shaft 6 Very hard ammonite 

Blue marl with fossils 4 9 and shell bed ... 3 2 



32 



THE BOULTHAM WELL AT LINCOLN. [Oct., 1906. 



Sbction of Strata Sunk and Bored through in the Boultham 
Well at Lincoln. — Continued. 





Thick- Depth 




Thick- Deudi 




aeH of from 




neu of from 


DflurlpUon of StmU. 


Btrato. Surface. 




Strata. Stufaoe. 




Ft 


Idb. Ft. Inn. 




Ft. Ids. Ft. Ins. 


Blue marl with foasilB 


54 


1 


Very hard shell bed 






Very hard shell bed ... 


4 





with ammonites 


1 


6 


Blue marl ironstone 






Dark marl 


11 


1 


bands and shells ... 


9 


1 


Very hard shell and 






Blue marl with fossils 


1 


7 


ammonite bed 


1 


6 


Very hard ammonite 






Dark marl 


5 


3 


and shell bed 


8 





Very hard shell and 






Blue marl with iron- 






ammonite bed 


5 





stone bands 


13 


3 


Dark marl 


1 





Very hard ammonite 






Dark marl 





6 


and shell bed 


6 


2 


Very hard shell bed ... 
Dark marl 





6 


Bine marl with fossils 


4 


8 





8 


Very hard shell and 






Hard shell bed 





8 


ammonite bed 


7 


2 


Dark marl with shells 


4 


6 


Blue marl with shells 


3 


6 


Hard shell bed 





9 


Very hard shell and 






Dark marl 


9 


6 


ammonite bed 


20 


8 


Hardshell bed 





6 


Blue marl with fossils 


4 


11 


Darkmarl 


6 


6 


Blue marl with fossils 


1 





Hard shell bed 


1 


6 


Very hard ammonite 






Dark marl with shells 


12 


4 


and shell bed 


1 





Very hard shell bed ... 
Dark marl with fossils 


4 





Blue marl with ammon- 






4 


6 


ites and shells 


20 





Hard shell bed 


1 





Very hard ammonite 






Dark marl with shells 


3 





and shell bed 


8 





Hard shell bed 


1 


6 


Blue marl with fossils 


2 


4 


Dark marl with shells 


10 11 


Very hard ammonite 






Hard shell bed 





4 


andsheUbed 


1 





Dark marl with shells 


1 


2 


Blue marl with fossils 


1 





Hard shell bed 





4 


Blue marl with fossils 





6 


Dark marl with shells 


1 


6 


Very hard shell bed ... 





6 


Hard shell bed 


10 


Blue marl with shells 


2 





Dark marl with shells 


13 


5 


Very hard shell bed ... 
Dark blue marl with 


1 


6 


Very hard shell bed ... 
Dark marl with shells 


2 


3 






6 


6 


shelU 


4 





Hard shell bed 


1 


6 


Very hard shell bed ... 
Dark blue marl with 


1 





Dark marl with shells 


4 


1 






Hard shell bed 


1 


1 


shells 


6 





Dark marl with shells 


1 





Very hard shell bed ... 
Dark blue marl with 





9 


Hard shell bed 





3 






I>ark marl with shells 


1 


2 


shelU 


9 





Hard shell bed 





6 


Very hard shell bed ... 
Dark blue marl with 


1 





Dark marl with shells 





4 






Hard shell bed 





8 


shells 


9 





Dark marl with shells 






Very hard shell bed ... 
Dark blue marl with 


1 


6 


and ammonites and 










iron pyrites 


25 


7 


shells 


1 


6 


Dark marl with shells 


3 





Very hard shell bed ... 
Dark blue marl with 





6 


Hard shell bed 





8 






Strong dark marl with 
shells and ammon- 






shells 


2 


403 11 






Bottom of the shaft 12 






ites 


37 





feet in diameter re- 






Hard rocky stone band 





4 


duced to 9 feet in 






Strong dark marl with 
shefls and ammonites 






diameter from this 









8 


point. 






Hard rocky stone band 





9 


Strong dark marl with 
shells 






Strong dark marl with 
shells 






9 


7 


2 


7 


Very hard shell bed ... 


2 





Hard rocky stone band 





5 


Strong dark marl with 
shells 






Strong dark marl with 
shells 






3 10 


I 10 
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Section op Strata Sunk and Bored thbouoh in the Boultham 
Well at Lincoln.— Cona'wterf. 



Thick- 
nets of 
(itraU. 
Ft. Ida. 

3 



6 








4 


1 


2 





6 





9 





3 


1 





5 





5 


8 



DescripUoo of BtraU. 

Hard rocky stone band 

Strong dark marl with 
shells 2 10 

All the beds contained 
fossil imprints of 
shells and ammonites. 

Strong dark marl 

Hard stone band 

Strong dark marl 

Hard stoQe band 

Strong dark marl 

Hard stone band 

Strong dark marl 

Flaggy rock 

Soft dark marl 

Upper Rhattic : 

Dark red marl 16 

Middit Rhaetic : 
Black marl or shale, one 
mass of fossil shells, 
imprints py ritised ... 5 4 
Black marl or shale, one 
mass of fossil shells, 
imprints pyritised ... 

Loiotr Rhaetic : 
Strong grey marl with 
spar or gypsum ... 6 2 

Rock band 3 

Strong grey marl ... 1 1 5 

Keuptr Marls : 

Hard gypsum or conglo- 
merate bed 1 

Bed marl with layers 
of gypsum 8 8 

Red marl with layers 



Depth I 
from 
Surface. | 
Ft. Ins. I 



Description of StraU. 

I Rocky band, crey 
I Green and red marl 



Thick- 
ness of 
Strata. 
Ft. Ins. 

, 1 6 

29 11 



056 11 



12 10 675 1 



692 11 



34 





9 





1 


7 


14 





1 





4 





1 





16 


7 


1 


H 


15 


104 


2 





12 


3 


2 





17 


7 


1 






of gypsum 


1 10 1 


Gypsum bed 

Red marl 


1 10 1 
6 


Gypsum bed 

Red marl 


1 3 


5 7 


Gypsum bed 

Red marl 


1 


2 3 


Gypsum bed 

Red marl 


1 
3 10 


Gypsum bed 

Red marl 


6 
2 7 


Gypsum bed 

Red marl 


9 


2 9 


Gypsum bed 

Red marl 


1 
3 2 


Gypsum bed 

Red marl 


1 10 


1 10 


Gypsum bed 

Red marl 


10 
9 


Red marl with thin 




layers of ffypsum ... 
Green and blue marl ... 


7 10 


2 5 



Red marl, mixed with 
a little green and gre v 
marl, interlaid with 
gypsum from i inch 

I to 2 inches 40 5 

I Red marl with a little 

I green interlaid with 

thin layers of gypsum 

running in various 

directions 

Red marl 

Very hard grey marl ... 

640 11 I Red marl 

I Very hard grey marl . . 

Red marl 
I Very hard grey marl ... 

Red marl with thin 
layers of gypsum ... 

Very hard grey marl . . . 

Red marl with thin 
layers of gypsum . . . 

Very hard grey marl .. 

Red marl with thin 
layers of gypsum . . . 

Hard grey marl 

Red marl with thin 
layers of sypsum . . . 

Gypsum bed 

Red marl with thin 
layers of gypsum and 
gypsum nodules ... 28 1 

Very hard gypsum bed 1 

Red marl with thin 
layers of gypsum 
mixed with green 
marl 41 2 

Red marl with thin 
layers of gypsum 
mixed with green 
marl 1 

Red marl with thin 
layers of gypsum . . . 

Very hard grey marl . . . 

Hed marl with thin 
layers 

Strong grey marl with 
thin layers of sypsum 

Red marl with hard 
bands of blue and thin 
layers of gypsum . . . 

Blue stone mixed with 
red 

Red marl with grey 
stone bands and thin 
layers of gypsum . . . 

Grey stoue, very hard 

Red and grey marl 
mixed 7 



Depth 

from 

Surface. 

Ft. Ins. 



23 
2 


1,067 3 


19 




2 6 




41 10 




1 




17 9 
1 9 
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SsoTcoK OF Strata Sunk and Bobbd thbouoh in the Boultrah 
WbIjL at Livcovs,— Continued. 



DMcription of Strata. 

Flaggy rook 

Grey rock containing 

carbonate of lime ... 
Mixture of grey and 

red marl 

Red marl 

Grey and red marl . . . 

Red marl 

Very hard grev rock ... 
Very hard rocky marl 

Red marl 

Grey and blue marl, 

very hard 

Red marl 

Grey and blue marl, 

very hard 

Red marl 

Very hard red, grey and 

bfue marl with thin 

layers of gypsum . . . 
Red, grey and blue marl, 

interlayed with thin 

layers of gypsum ... 60 



Thick- 
ness of 
Strata. 
Ft. Ins. 

. 1 



Depth 

from 

Bnrfatie. 

Ft. Ids. 



5 



6 10 
2 2 



47 



•ocky 



Very hard rocky marl 2 
Red, grey and blue, 
ffrey and blue very 
hard, with thin layers 
of g^'psum ... ..41 
^^t grey and blue, 
grey and blue very 
hard, with thin layers 
of gypsum 52 



Description of Strata. 

Red, grey and blue, 
grey and blue very 
hard, with thin layers 
of gypsum and gyp- 
sum nodules 

Very hard grey rock ... 

Red marl 

Very hard grey rock ... 

Red marl with blue 
bands 

Red marl with blue 
bands 

Grey rock or sandstone 

Red marl with blue 
bands 

Pilot hole, 3 inches in 
diameter, and bore- 
hole 33 inches iu di- 
ameter commenced 
from this point. 

Red marl, with blue 
bands, layers of gyp- 
sum and gypsum 
nodules 

Grey and red, grey, 
sandstone 

Red marl with blue 
l)ands, layers of gyp- 
sum and gypsum 
nodules 



Thick- 
ness of 
BtraU. 
Ft. Ins. 



Depth 

from 

Surface. 

Ft. Ins. 



42 
1 
3 
1 



2 9 



31 
2 



17 10* 1,502 3 



38 6 
3 



22 6 1,561 3 



yew Red Sandstone : 



Red sandstone ... 3 tl,561 6 

Shaft nice feet in diamet er flniohed at this point, f Water Upped in the pUot hole on March Slat, 1906. 



The Retiring President (Mr. Henry Bramall) moved a 
vote of thanks to Mr. McKay for his paper. 

Mr. T. H. Wordsworth seconded the resolution, which was 
cordially approved. 

Mr. Joseph Dickinson said that springs had been found in 
that part of England. Some of them were chalybeate, and it 
would be interesting to know whether any brine was found in 
the exploration described by Mr. McKaj'. 

Mr. Wm. McKay said that practically no water was found, 
until the pilot bore-hole reached the New Red Sandstone, and 
then water was encountered as described in his paper. It was 
somewhat hard, but it could be made into good water. 



The further discussion was adjourned. 
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MANCHESTER GEOLOGICAL AXD MINING SOCIETY. 



ORDINARY MEETING, 

Hrld in the Rooms of thk Socikty, Queen's Chambers, 

5, John Dalton Street, Manchboter, 

November L3th, 1906. 



Mr. CHARLES PILKINGTON, President, in the Chair. 



The following geiitlenieii were elected, having- been previously 
nominated : — 

Members— 
Mr. Francis Verrill Brown, Mechanical and Electrical Engineer, 49, 

Deanscate, Manchester. 
Mr. William Lowbridge Hobrs, Mining Engineer, 100, Bolton Road, 

Pendleton, Manchester. 

Associate Mkmbkr - 
Mr. James Cunliftk, 81, Moor Road, Chorlcy. 



DISCUSSION OF MR. W. McKAY'S PAPER ON "THE 
BOFLTHAM WELL AT LINCOLN."* 

Mr. W. McKay exhibited a number of fossils and minerals 
obtained while sinking the Boultham well. 

(1) Lias formation. Ammonites: Stephanoceras commune 
and Harpoceras bifrons in I'pper Lias, ^Egoceras planicostatum 
and annulatumy and Arietites Conyheari and BucMandi. 
Nautilus, 500 feet below the surface. Belemnites in Upper Lias. 
MoIIusca, etc. : Gryphaa cipnhium (variety depressa), Unicardium 
cardioides, Myacites decitrtata and donaclformis, Cardinia 
(species), Trigonia litterata, Lima gigantea, 600 feet below the 
surface. Pifuia folium in Upper Lias. Petrified and pyritized 
wood. (2) Middle Rhaetics or Rhaetics proper. Avicula 
decussata, (3) Keuper Marls. Gypsum, gypsum-conglomerate and 
gypsum-nodules. A fragment of a stem or a branch of Voltzia 

• Trans, Inst. AT. E,, 1906, vol. xxxii., page 246. 



86 DISCUSSION — THE BOFLTHAM WELL AT LINCOLN. [Nov., 1906. 

was found at a depth of 955 feet below the surface. The first 
3 inches of the boring, below the depth of 1,561 feet 3 inches, 
passed through New Red Sandstone. Since then, boring opera- 
tions had been continued, but he did not know the exact depth. 
Salt had not been found in the boring. 

Mr. Joseph Dickinson remarked that rock-salt overlaid the 
Xew Red Sandstone in Cheshire, and at Middlesbrough is next 
above the Magnesian Limestone. 

The President (Mr. Pilkington) said that, in sinking a bore- 
hole near Warrington, weak brine had been found at a depth of 
100 feet ; and, it being found that all the deeper bore-holes in 
the neighbourhood had salt in them, the boring was abandoned. 

Mr. W. McKay said that, in the case of the Boultham well, 
it appeared that the salt had disappeared from this particular 
area, and that only layers of gj-psum were left. In some parts 
of Lincolnshire, water had been found impregnated with salt; 
but, at Gainsborough, at a depth of 1,515 feet, splendid water 
had been found, and an equally good result was anticipated from 
the Boultham well. 

The President (Mr. C. Pilkington) asked whether the supply 
of water was diminishing. 

Mr. TV. McKay replied that, on the contrary, it had increased 
at Gainsborough, from the time that it was tapped up to the 
present time. He believed, however, that it was taking the 
supply from other districts. On this assumption, Lincoln, 
being on the lower level, W(>uld, no doubt, take the water from 
other places. 



The Presipfxt iMr. Charles Pilkington"^ delivered the follow- 
insr '* Presidential Address " : — 
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PRESIDENTIAL ADDRESS. 



By CHARLES PILKINGTON. 



It is customary for your President to deliver an address 
at the opening of the session. I am sorry that I cannot give 
you one on some geological subject; for this Society was prim- 
arily geological, and to the geologists we owe its foundation and 
its establishment as a successful and useful institution. Perhaps, 
if geologists read mining papers and miners read geological 
papers, the discussions would be more lively ; but scientific men 
are so very severe in argument, not to say vicious in their search 
after truth, that I dare not adopt this suggestion, and so fall 
back on surer ground and briefly review some of the mining 
problems with which we are face to face. 

All professions and trades change as time goes on, owing 
to new inventions and methods, but mining is subject to greater 
changes than most other businesses, and colliery-proprietors, 
mining engineers and officials, are well aware tbat, speaking 
generally, they must prepare themselves to meet great and 
increasing difficulties, for although there is plenty of coal left in 
this country, most of the easily-won seams are worked out; 
and there remain for us, at any rate in the wellknown districts 
of Yorkshire and Lancashire, only those mines which, for one 
reason or another, could not formerly be worked to a profit. 

Now, an institution like ours must devote itself to the study 
of the difficulties that will have to be met in altered circum- 
stances, and it is the import of this address to suggest to the 
Society, and especially to its younger members, those subjects 
which should receive their attention, and on which the result of 
their work in papers would be useful to us. 

Before referring to any particular subject or difficulty, I 
would suggest that the education of the younger members who 
will have to face them, should be somewhat altered. It has 
been the custom in Lancashire to put a " would-be mining 
engineer " into the plan-office, where he has had to make innu- 
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merable tracings, and where he has spent some four or five years 
in learning to use the miner's dial and to plot accurately. Now 
it is necessary that he should be taught discipline, if he ha^ to 
learn to command, and it is necessary that he should be a com- 
petent surveyor; but it is not necessary that he should spend the 
best years of his apprenticeship, when his mind is most capable 
of receiving impressions, in learning to becoming a past master 
in the use of the dial. It is true that the pupil is occasionally 
sent to see some work carried out according to instructions ; and, 
if he is fortunate, he may later on have charge of a pit in connec- 
tion with and under a certificated manager for a month or so ; but 
I think that a rather wider range should be given to him, if he is 
being educated to take the position of a colliery manager, should 
he prove to have grit enough to take it. He should know more of 
mechanical engineering than was formerly thought necessary, 
although he need not go into those technical details which are 
better left to the expert. He should be well grounded in elec- 
tricity, and know something of building. The modem student 
has a great advantage over the man of the past, for he has the 
use of such excellent mining schools as those of Manchester and 
Wigan (speaking of this district only), equipped with every 
modem luxury in the way of capable teachers, good models and 
diagrams. But it is one thing to learn at a school and another 
to have knowledge ingrained into one's system by familiar use, 
and there are things which can be taught at a colliery far better 
than anywhere else. He should for instance, amongst other 
things, learn by personal experience something of the cost and 
nature of the materials that he uses and of the coals sent to the 
surface. Now, these were supposed to be more or less depart- 
mental secrets when I was young ; and an inquisitive pupil was 
regarded with some suspicion. There are certain things that 
may have to be kept secret, but if you are educating a youngster, 
and want him to become useful, the more that you let him know 
the better. In saying this I do not suggest that the education of 
the surveyor should be neglected : far from it, I would give him 
tlie best facilities to learn his work, and better instruments to 
work with than are supplied at some collieries. I would not 
have him answer such an advertizement as appeared lately in 
a Yorkshire paper: — "AVanted a surveyor at a large colliery, 
SOs. a week." But the talents required for surveying and the 
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talents required for management are not the same, and may not 
be combined in the same individual. The very exactness of 
detail required from the surveyor might develop into a niggling 
habit of thought in a manager. 

The first practical question to which I would call your attention 
is that of coal-cutting by machinery. There are some members 
who have given to this question their best thought and work, and 
have generously passed on to us the result of their labours ; but 
the general frame of mind in the past has been too cautious and 
conservative. It is nearly thirty years since I first handled a 
coal-cutter underground, and yet how few comparatively were in 
use ten years ago. It is, to a certain extent, the fault of their 
makers and introducers, who in the past claimed for them far 
more than they could possibly achieve. Most of the early state- 
ments about cost and speed of cutting were absolutely unbusiness- 
like, and naturally caused hard-headed mining men to fight shy 
of trying the machines. But it is diilerent now, for we have a fair 
amount of independent figures to go upon, not only giving the work 
done in a certain time, but the time required for preparing the 
places for the machines, the cost of repairs and management, 
the amount of breakdowns over a given period, and the capital 
outlay. There are some twenty or thirty dift'erent machines 
on the market worked by compressed air or electricity, so that 
we have a much larger choice than we originally had. This is 
very important, for one machine is suitable to work under one 
set of conditions and another under other conditions ; and there 
are places in the same mine where it will be found best to vary 
the type of machine even for longwall holing only. I may say 
that, at the present time, we have nine different kinds working in 
our pits. Then again, certain parts of the same mine may be 
suitable for a machine, while others are best worked by the 
old method. It is of no use laying out every thin mine 
for machinery, and sticking to it through thick and thin, where 
the mine does not permit it. As in war, if you cannot beat an 
enemy by artillery, you must bring up the infantry and let 
both act together. Speaking generally, given a fairly hard mine, 
say, 3 or 4 feet thick, with a good roof, free from faults, and 
not too steep, the mining engineer who will not experiment with 
machinery is behind his time. 



40 PRESIDENTIAL ADDRESS. [Nov., 1906. 

But, even under the most favourable circumstances, coal- 
cutting requires an immense amount of personal care, fore- 
thought and management ; and few elderly men can adapt them- 
selves to the work, as questions that are novel in themselves 
occur with vexatious frequency. The man who has charge of a 
district or mine, where cutting machines are used, should be 
bred young to the work, if possible ; and there is no doubt that 
the managers, whom w© are educating now, will be far more 
successful in this department than the elder men of the present 
day. 

These remarks apply equally to underground coal-conveyors, 
which have received little attention up to the present time. They 
are successful enough, as far as the work done is concerned, but 
they are usually very cumbrous and expensive to move. A light, 
easily-driven and quickly-moved arrangement is wanted, but it 
is only half-invented at the pi-esent time. 

New pits will generally have to be deeper than the old ones, 
and the problems of cheap and safe winding are many and 
difiBcult. The immense weight of 3,000 feet of winding-rope, 
and the full load at starting, together constitute a great difBculty. 
Many attempts, more or less successful, have been made to over- 
come it : some of the best, so far as balancing the load is con- 
cerned, fill the pit with ropes, each difficult to examine, and the 
breakage of one of which might cause inextricable confusion and 
long stoppage. It seems to me that the best solution is the coni- 
cal-grooved drum of some modern design. 

The great cost of the pit« and machinery will make it neces 
sary that one set of shafts shall serve a very large area, and 
consequently wind a large quantity of coal. Therefore the dis- 
tance from the pit-bottom, at which work can be safely carried 
on, is now occupying attention; but an arbitrary limit, such as 
had been pn^ posed, would, in many cases, put a colliery with 
deep pits in the Bankruptcy Court, and throw the colliers out 
of work. Safety is, of course, the impoi-tant factor; and, when 
the limits are being approached, a very small area of workings 
worked at verj- high pressure, with improved ventilating 
marhinei-y and large mails, may enable us to work with safety 
and health at great distances from the shaft. 

To achieve the best n»sult, ponies must be kept out of the 
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pit, and tlieir places taken by hauling-engines driven by com- 
pressed air or electricity. 

The use of coal-cutting machinery, at the far end, in a hot 
and distant district, driven by compressed air, will help to cool 
the atmosphere and to improve the ventilation. Here is a 
question for some member to work out: what is the best way 
of doing it? A long length of pipes direct from the surface is 
expensive to lay down and difficult to keep in order. Air- 
compressors, near the far end, driven by electricity, seem a 
plausible solution ; but the heat developed at the compressor 
musl be equal to the cold created at the face, so that there is no 
gain in temperature unless a small current of fresh air passes 
over the motor and air-compressor direct into the return-airway. 
I think that science may find in the future some means cheaper 
than the suggested use of liquid air to help us ; but, in all these 
things, cheapness is an absolute necessity. The more power 
that we use in winning a ton of coal, the more it behoves us to 
economize the fuel which creates that power, and here we must 
turn for help to mechanical engineers. I know, by experience, 
that they are always ready, but let them see to it that they do 
not frighten us by excessive costs. 

Greater depth means greater heat, and another enemy may 
have to be encountered. There are now mines in Great Britain 
hot enough to propagate the larvae of Anhylostoma. Given a 
little dampness and the presence of one contaminated person, 
and it is certain that the whole of such a mine would be affected. 
We know the great difficulty, inconvenience and expense that 
have been incurred in Westphalia, and the stringent regulations 
that have been made to control the evil. I do not think that British 
miners have a sufficient sense of discipline to submit to such 
troublesome details as are there enforced, nor have our present 
managers a sufficiently methodical habit of mind to enable them to 
enforce constantly such regulations. Fortunately, we are not much 
exposed to this danger at present; but, with the interchange of 
men that now goes on between Great Britain, the Continent and 
tropical countries, it seems advisable that some simple and general 
precautions should be enforced. I think that the law of the land 
should be that no miner from abroad should be taken into a pit, 
where the temperature is regularly above 80^ Fahr., without a 
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medical certificate being obtained stating that he is &ee from this 
disease. Any district where a case is known to exist should be 
declared an " infected district " under the Infectious Diseases Act, 
and miners going from that to another hot district should be re- 
quired to produce a doctor's certificate that they are free from the 
malady. It has been found that ankylostomiasis is easily diagnosed 
by an examination of the blood ; and the medical authorities of the 
different countries and other areas should appoint properly quali- 
fied men to detect the disease. There has been a case lately in 
Scotland ; last year there was a case in Manchester ; it is known 
that the disease exists in Cornwall ; and it seems to me that 
the less time we lose in establishing national precautions the 
better. There can be no doubt that the workmen will endeavour 
to have this disease included amongst the accidents for which 
compensation is paid; but the worst aspect of the misfortune 
would be the suffering and annoyance caused to the men them- 
selves. 

This brings me naturally to the subject of sanitation. From 
time to time, a disturbance is made about the dirty condition of 
many of our pits, designs of earth-closets and pails are discussed, 
and rules are drafted and printed, but they are difficult to enf orce. 
The subject is an unsavoury one, and when the management's 
conscience is appeased by providing the apparatus and posting 
the rules on the headgear, the subject is often allowed to slide 
into its old channel. It is a somewhat difficult question, and the 
education of the workmen, as well as the proprietors, into a 
proper frame of mind on the subject appears to be the most 
effectual way of dealing with it. 

I now come to the dust question : one of the most important 
of the day. According to a recent report,* the great Courrieres 
disaster was mostly, if not entirely, due to a dust-explosion. I 
do not think any of us wanted any more proofs of the dust 
danger; but we do need more experiments as to the best way of 
removing it, and the deeper and hotter the mine, the greater 
will be the difficulty. In new pits it may be easy to keep screen- 
ing and sorting arrangements at some distance from and, if pos- 

* Bfftori to H.3f, Sfrrtfaiy of State f^r the Home Df}/artmevt cm the 
IS-tn-^f^r vhirh orntrrul at Courritre^ J/iwe, Pan de CalaiA, Fraure, on Afarch lOtK, 
ly^.f*:, by Messrs. H. Cunynghame and W. N. Atkinson, 1906 [Cd. 3171]. 
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sible, on the north-east (or opposite side to the prevailing wind) 
of the downcast pit, so as to prevent the dust from descending. 
But we are still face to face with the dust created in the mine, and 
it must be remembered, where mechanical haulage is used, that 
the dust of the main wagon-roads, although less in quantity, is 
much more dangerous than it used to be, when ponies pulverized 
the warrant, or shale, which, mingling with the coal-dust, reduced 
its explosiveness. In deeper and hotter mines, it would not be 
advisable to water the roads, as this would have a tendency to 
propagate Ankylostoma, and, by creating a moist and hot atmo- 
sphere, prove injurious to the colliers' health. It seems to me that 
in the deep mines of the future there are only two known things 
that we can do, and these are: — (1) To use steel or iron tubs, 
which will not allow the dust, made in transit, to fall on the 
roads; and (2) to have periodical cleanings of the main wagon- 
roads, perhaps using a jet of compressed air to remove the dust 
from the crannies of the sides and roof. 

If we could have something in the nature of a vacuum-cleaner, 
using compressed air in an injector or fan to deliver the dust into 
a long water-tank or wagon, wherein the water was agitated, it 
might help us; but dust occurrs in such quantities that it is 
difficult to deal with it. Mr. John Gerrard, in his evidence before 
the Boyal Commission on Mines, refers to such an apparatus 
having been coupled to a screen. Some five or six years ago, 
something of the kind was tried at a revolving screen at the 
collieries with which I am connected, but it was not very 
successful. 

We are often forced to v>ork deep coal-seams under water 
bearing strata, through which our fathers would have hesitated 
to sink a shaft. There are many ways of overcoming this diffi- 
culty: — (1) The plan of sinking with a caisson, using com- 
pressed air to keep out the water : but this can only be relied on 
for small depths and through soft strata. (2) The freezing pro- 
cess is very difficult and expensive. (3) The Kind-Chaudron, 
using immense drills, followed by tubbing, driven downward 
from the surface, is a very slow process and perhaps the most 
expensive of all. (4) The German " Tiefbohr " Company's sys- 
tem, which has not been sufficiently proved for large shafts. And 
(5) there remains the rough-and-tumble method of our fore- 

5 
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fathers : no longer rough-and-tumble, now that it is worked by 
skilled engineers, with the best pumps and winding tackle in the 
world, but still the same in principle. This is doubtless in most 
cases the best and cheapest ; but it has its limits, and even when 
successfully applied, as it has been at the Maypole colliery, 
Wigan, and at Manton colliery, Xottingham, the cost of some of 
the depths per foot must have been enormous. 

One of the great difficulties at increased depths is the great 
pressure on the pumps, which causes the sand to cut the clacks 
and rams to pieces so quickly ; and, when everything is pumping 
at full stretch, it is often a veiy serious and difficult operation to 
change a pump. The ** Tomson,'' a modified pumping system, 
is in use in Germany : as soon as the pit is started, if necessary, 
or as soon as the volume of water and depth of lift warrant it, two 
large cylindrical tanks, each suspended by two strong capstan- 
cables, are placed on each side of the pit, and these tanks follow 
the sinkers, and are lowered down, foot by foot. Into these 
tanks, two larore cyliiidrical buckets are dipped, using the 
capstan-cables as guides, and by this means a large quantity of 
water can be safely wound out of the shaft. The sinking 
pumps proper, driven by compressed air or electricity, pump Into 
these tanks ; and, as the lift is small, say, 10 to 30 feet, there is 
comparatively little cutting of the valve-seatings and rams, and 
a comparatively small motor will lift an immense body of water. 

The question of tubbing versus pumping is a very momentous 
one, and after we have worked it out to the best of our ability 
with the data to hand, it is difficult to arrive at a definite conclu- 
sion. It might help us if we had more figures giving the 
decrease of work done at large colliery puniping-stations as 
years go by. These figures might be collected from time to 
time, and calculations worked out from them ; they would cer- 
tainly be of scientific interest, and they would lead to discussion 
and might prove of great value. 

Should tubbing be decided upon, what is the kind to be used? 
The ordinary British method is to place the plain sides of the 
tubbing inside the pit, the ribs being towards the strata, and 
the joints made watertight with wooden wedges. The so-called 
German method, but which I believe was first used in Great 
Britain, has the fianges turned towards the centre of the pit, and 
is put in as the pit goes down, each ring being concreted to the 
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strata behind, after it has been secured with bolts to the ring 
above. The segments of this tubbing are much larger than those 
ordinarily made in Great Britain, being about 5 feet square : all 
the joints are planed, a thin strip of lead being inserted, when 
they are bolted to each other. I think that tubbing smooth 
on the inside is better for ventilation and safer in case of 
anything falling in the pit, as there are no projecting flanges 
to receive a blow, but the other is more easily inserted and easier 
to repair. Should any papers be communicated on this subject, 
I hope that the question of the thickness of the tubbing will be 
discussed : for, although some formulae are recorded in handbooks 
on mining, the information is untrustworthy, as little attention 
is paid to the depth and frequency of the flanges and ribs. 

At the present time, a committee, appointed by the Lancashire 
and Cheshire Coal Association, has been preparing plans and col- 
lecting information preparatory to the establishment of a rescue- 
station. Leigh has been chosen as a central spot, and I hope 
that an o£5ce, storerooms for oxygen life-saving apparatus, and 
the various other appliances suitable for a rescue-station will soon 
be erected, together with a long gallery, in imitation of a road- 
way in a pit, with all the obstacles of broken timber and fallen 
roof through which a rescue-party might have to force its way 
after an explosion. The Committee hope to train men from 
every district of Lancashire and Cheshire, not only in the use 
and upkeep of the various life-saving appliances, but also to 
become so familiar with their use in a similar environment, 
that they may boldly and readily use them down the pit, should 
the necessity unfortunately arise. I hope that all the members 
of this Society will view this effort with sympathy, and do their 
best, in every way that lies in their power, to make the move- 
ment a success. The Committee entrusted with this work at 
once asked Mr. H. Hall and Mr. John Gerrard, H.M. inspectors 
of mines, to join in this work ; and Mr. Gerrard especially has 
given a great deal of valuable time and thought to it. 

I mention this in these rooms because H.M. inspectors of 
mines have been, and are, most useful and valued members of 
this Institution, whether as officers, or as geologists or miners; 
and also because in the person of Mr. J. Dickinson, who was Her 
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late Majesty's chief inspector of mines, we have one of our oldest 
and most respected members. 

And now, gentlemen, although I have not given you anything 
new in this address, or gone into any detail on any subject, I 
hope that my remarks may stimulate others to carry on care- 
fully and diligently research in the various subjects mentioned ; 
and that, through their efforts, this Society may not only receive 
benefit enuring to its own members, but be the means of for- 
warding the solution of many of those difficult problems that 
affect the safe and successful working of that mineral, upon 
which the prosperity of our country so largely depends. 



Mr. Joseph Dickinson, F.G.S., in moving a vote of thanks 
to the President for his address, said that while he agreed with 
the President on most of the points mentioned in his address, he 
would, if discussion were not forbidden, call attention to one 
on which there might be a difference of opinion. The formal 
examination of a collier for ankylostomiasis might, he thought, 
be left with the manager. 

Prof. W. Boyd Dawkins seconded the vote of thanks, which 
was carried with acclamation. 

The President (Mr. Charles Pilkington), after acknowledg- 
ing the vote of thanks, said that he did not think that a manager 
would, as a rule, be able to tell whether or not a man was suffer- 
ing from ankylostomiasis. 



Mr. Mark vStirrvp, F.G.S., read a paper on '' The New and 
the Old Geology ; and the New Ideas of Matter." 



: 
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that they had not tried one. They had several pick, the ordinary 
disc, and one or two other machines. They thought that, if the 
bar machine had enough strength, and if the cutters were not 
liable to be torn out by coming against iron nodules, it would be 
a very useful tool. He would like to hear whether it was easy to 
keep the bar machine against the face in mines where the dip 
was steep, say, 1 in 3^. 

Mr. Alfred J. Tonge said that he agreed with Mr. Mavor 
when he said that it was a mistake for managers to place the coal- 
cutter in a part of the pit where they knew that it could not suc- 
ceed, and then expect it to succeed. Managers should take the 
advice of engineers who had had experience of coal-cutting by 
machinery, and should work in accordance with their instruc- 
tions ; and he believed that then more coal-cutters would be 
found at work in mines. Advance in underground mining must 
almost certainly be accompanied by, and accomplished through, 
the introduction of machinery; and he thought that the coal- 
cutter would bring forward the better conditions that many 
managers were trying to get He rather disagreed with Mr. 
Mavor's remarks about an increase in the number of gate-roads. 
Mr. Mavor said that, if more coal was taken down a gate-road, 
that was sufficient justification for making other gate-roads. He 
(Mr. Tonge) thought that such a statement should be qualified 
by many other conditions ; but he was sure that it was not quite 
right to say that an added gate-road was justified according to 
the amount of coal that went down it. While gate-roads were 
convenient for filling the coal quickly, they also meant greater 
areas of exposed surface, and therefore greater liability to acci- 
dent. He rather preferred, where possible, a reduction in the 
number of drawing roads and the carrying of one main road in 
each district. 

Mr. Leonard R. Fletcher said that his experience of coal- 
cutting machines was, that almost every mine wanted catering 
for separately. They had tried two or three difiEerent kinds 
driven by compressed air, at the collieries with which he was con- 
nected, but without much success. The holing was rather hard, 
and they did not work as quickly as they would have liked. 
When the machine holed at the bottom of the seam, the coal 
settled down on the machine. The percentage of round coal was 
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decreased, because the holing removed the strongest part of the 
seam, and the overlying coal fell and broke into small pieces. 
A machine holing in the dirt on the top of the seam had been 
tried, but the stone was too hard; it quickly blunted the 
cutters, and the machine could not travel more than 15 or 20 
feet without the cutters being changed. The seam was an excep- 
tionally severe one for coal-cutters, and they came to the con- 
clusion that the machines tried were not suitable for their 
purpose. They had, however, benefited from their experience, 
and they hoped at some future time to be able to adopt the use 
of mechanical coal-cutters on a large scale. 

The President (Mr. Charles Pilkington) said that a young 
man, who had been trained to work with machines, would get 
better results from any coal-cutter than an older man who 
approached the subject with fixed ideas. The colliery manager 
and the workmen should both be trained to the work. He might 
mention that, in using a compressed-air coal-cutting machine, the 
noise of the exhausted air was confusing to those working near it. 

Mr. Sam Mavor, replying to the discussion, said that, al- 
though his paper was not written in special advocacy of the bar 
type of machine, he might be permitted to say that the Presi- 
dent's fears as to the strength of the bar machine were un- 
founded, and that the low cost of repairs was freely acknowledged 
bv those who had experience of it. Ironstone-nodules of small 
size were not troublesome ; and, if of large size, the bar machine 
would, if the head-room permitted it, cut over them ; or the bar 
could be swung out of the holing, the machine drawn past the 
obstruction, and the bar cut in again and the work would be 
continued; but, if a disc machine came into contact with an 
obstruction, considerable time was lost. With regard to the 
inclination, he had quoted a case in his paper, in which 1 in Sh 
was mentioned; that was the maximum inclination with which 
he had had to deal. When cutting across the dip (the face being 
advanced to the rise), no machine was easily kept up to the face, 
owing to the constant thrust upon the props due to the weight of 
the machine, but the bar type presented no special difficulty in 
this respect. With regard to the width between the gateways, he 
(Mr. Mavor) thought that the practice in Lancashire and in York- 
shire, in this respect, was at fault, in many cases at least. He 



60 DISCUSSION — PROBLEMS OF MACHINE-MINING. [Dec, 1906. 

admitted, however, that it was impossible to dogmatize in ques- 
tions of this kind, as every case should be decided in accordance 
with local factors ; but he thought that both in Lancashire and 
in Yorkshire, the distance between the gate-roads in many cases, 
might be decreased with profitable results. 

The responsibility of using electrically-driven coal-cutters in 
gassy seams was a question that the mining engineer must 
decide; but he submitted that there were ways of overcoming 
this difficulty. An interesting example had come under his 
notice within the last few weeks: — In a naked-light pit, a thin 
seam of coal, about 19 inches thick and of excellent quality, had 
not been worked because of gas. The proprietors were reluctant 
to work it, as the use of safety-lamps might have been imposed 
throughout the colliery. After experience of the use of coal- 
cutters in other seams, the manager adopted their use in this 
thin seam also, and, by means of an auxiliary electrically-driven 
fan, a sharp air-current was sent along the face; the copious 
ventilation, in the relatively small working-area, dispelling all 
risk from gas. He did not suggest that this was a panacea for 
every case where gas was found, but he had little doubt that 
there were many cases where the adoption of this method would 
prove advantageous. 

In cases where the present output per foot of working-face was 
small and the cost of maintaining the gateways was large, he 
felt assured that there was a wide field for economical working 
by coal-cutting machinery. There could be no doubt, however, 
unless the old systems of working were altered, that the machines 
would not be used to the best advantage. The noise created by 
a compressed-air machine was a perfectly valid objection, but an 
arrangement had been introduced by which the exhausted air wa« 
turned into an enclosed crank-chamber, and thus to a large extent 
the noise was muffled. 

Mr. W. Bolton Shaw (Hulton colliery) wrote that 
Mr. Mavor had reviewed the whole of his subject in so 
masterly and comprehensive a fashion that his paper would no 
doubt come to be regarded as a classic on coal-cutting. His 
views on the various aspects of the subject appeared to have 
been thought out with the utmost care and judgment, making 
it difficult to discuss his paper in any other way than by express- 
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ing agreement with his views. As one who had had some ex- 
perience of the maintenance and repair of coal-cutters, he would 
like to make a few remarks from an electrical engineer's stand- 
point. Mr. Mayor brought out the point, which, he thought, 
was hardly sufficiently appreciated, that it was a mistake to over- 
drive a cutter, that it paid better to have more machines and to 
be satisfied with a moderate length of cut per shift by each, than 
to try and make record cuts in order to increase the output per 
cutter. The output might be increased, although that was 
doubtful, but any reduction in the cost of cutting was more than 
counterbalanced by the enhanced cost of repairs which increased 
out of all proportion to the increase in the output, and also by the 
greater frequency of breakdowns and the disorganization of the 
whole system which they produced. 

Mr. Mavor recorded in Table I.* those costs which were 
affected by the output per cutter per shift, namely, machine- 
labour and interest and depreciation of cutter, as about 10 per 
cent, of the total cost. It was, therefore, evident that an increase 
of even 50 per cent, in the cutting speed of the machine would 
only affect the total cost by ri J per cent. It ought to be possible 
to obtain far greater real savings than this by studying and 
organizing the other operations which made up the total cost, 
and Mr. Mavor had gone very fully into the way in which this 
could be done. There could be no doubt that the commercial 
failure of many cutters was due to this point not being suffi- 
ciently recognized. He thought that makers were somewhat to 
blame in pandering to the desire of purchasers by boasting of 
the achievements of their machines in that respect. The electric 
cutter suffered most from this kind of abuse. The compressed- 
air machine stopped and refused to move, and there being no 
flywheel-effect, as in the case of the electric cutter, little or no 
harm was done to the working part«. In this respect, the 
three-phase machine was superior to the direct-current, and 
what many people formerly regarded as a vice was in reality 
a virtue. This tendency of the three-phase machine to pull up 
when overloaded certainly did prevent the machine from being 
abused to the same extent as the direct-current — actual experi- 
ence shewing that the cost of upkeep was distinctly less per ton 
than with the directrcurrent machine. 

• Trans. Inat. M. E,, 1906, vol. xxxL, page 3S8. 
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He (Mr. Shaw) had had an opportunity of comparing the work- 
ing of two similar cutters by the same makers, a three-phase and 
a direct-current, both cutting to the same depth in hard fire-clay 
in the same sesim. The direct-current machine was driven at 
the highest possible speed, and the average cut per shift was 
about 60 per cent, greater than with the three-phase machine : it 
being impossible, for the reason stated above, to drive the 
latter at greater speed. The wear-and-tear on the gearing, 
shafts and bearings was at least four times as great in the direct- 
current cutter. Shafts which were never bent or strained in the 
three-phase machine continually gave trouble in the direct-current 
cutter, and bearings and gearing, which only lasted weeks in 
the latter, lasted as many months in the other machine. 

With regard to the actual cost of picks and repairs, Mr. 
Mavor's figures seemed very low. Tlie results at Hulton colliery 
for the same items, taken over a period of three years with a 
number of cutters, both direct-current and three-phase, working 
in seams ranging from 23 to 48 inches, show a minimum cost of 
6*4d. per ton; and, during one year, the cost had been as high 
as ll'4d. for a group of five machines. The accounts from which 
these costs were taken had been most carefully kept and included 
all wages, material and stores chargeable to the repairs and 
maintenance of the coal-cutting machines. 

Mr. Mavor suggested a system of periodically overhauling 
coal-cutters after the manner of rolling stock ; and this was no 
doubt an excellent idea where the number of machines in the 
same mine warranted it. A fairly successful system was to give 
a fitter charge of two coal-cutters, not necessarily in the same 
mine, and to make him responsible for keeping them in proper 
working order. It was his duty to go down and see the cutter 
actually working at least every other shift; and this, in addition 
to giving him the opportunity of seeing the working parts in 
motion, also enabled him to keep in touch with the drivers. He 
was under the direction of the electrical foreman of the section, 
who was thus kept well informed of the condition of all the 
cutters. He was paid a time-wago somewhat lower than the stan- 
dard wage, and received a bonus proportional to the amount of 
coal cut each week in excess of a fixed minimum quantity. 

The personal factor was certainly very important, one driver 
seeming to have the knack of humouring the machine while 
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another shewed an unnecessary amount of brutality. A bad 
driver was dear at any price, and a good one was certainly worth 
a good wage. A man sometimes became a better man after 
receiving a better wage, simply because he was encouraged by it. 
Mr. Mavor directed attention to keeping the shafts and gear- 
ing in proper adjustment and properly lubricated. He (Mr. Shaw) 
could heartily endorse this. He had experience of a number of 
cases of bearings being completely worn out in a few days' time 
owing to neglect of lubrication, followed by the impossibility of 
effective lubrication after the bearing clearances had become ex- 
cessive. Gearing, too, very rapidly deteriorated after the relative 
position of the shaft had been allowed to alter owing to wear in 
the bearings. With bevil-gearing this was particularly the case, 
and he had recollection of two bevil-wheels, costing something 
like £10, completely ruined in three shifts owing to the want of 
proper adjustment. In his experience, bevil-gearing required a 
great deal of skill and intelligence to adjust; its use in coal- 
cutters should, he thought, be avoided as far as possible, and, 
where it was used, proper provision should be made for taking up 
the end-thrust. This latter was a point to which many makers 
seemed to pay insufficient attention. He thought, also, that 
all gearing, wherever possible, should be enclosed and run in a 
thick oil-bath. Mr. Mavor pointed out that the coal-cutter was 
a machine-tool of special design, working under exceptionally 
trying conditions. In his experience, the fitter who was respon- 
sible for repairing it should be highly skilled and intelligent, and 
should if possible have had some experience of the making of 
machine-tools. Mr. Mavor advised care in the use of lubricants. 
The ordinary cheap engine-oil, as used for colliery-purposes, 
was certainly useless for lubricating anything but the slowest 
running shafts of coal-cutters; and when melted with a large 
proportion of solidified oil, it was found very satisfactory for use 
on enclosed gearing. 

Mr. Mavor stated that the altemating--current squirrel-cage 
motor, with the switch submerged in oil, afforded the greatest 
security, but that the use of oil in switches should be avoided if 
possible. Why should it be avoided ? He had had such a switch 
in use on a coal-cutter for three years, he had had absolutely no 
trouble due to the oil, and he could state that it was the most satis- 
factory switch that he had used on any coal-cutter. So long as the 
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oil-switcli was designed to have a proper head of oil above the 
sparking points and the insulation of the switch and leads was of 
such a nature that the oil had no deteriorating action on it, the oil- 
switch was, in his opinion, the best switch for underground 
alternating-current work. There was the objection that the 
oil might leak or waste away, but this should not occur in any 
properly-designed switch ; and it was not so serious a difficulty 
as that of keeping intact the lid-joint of the ordinary coal-cutter 
switch. 

Most people would agree with Mr. Mayor's statement that 
the chief risk attending coal-cutters lay in the trailing cable, 
and this, he thought, pointed to the moral that these cables 
should be carefully designed and made of the best material. 
Cheap low-grade cables should not be tolerated. He formerly 
had had serious trouble with the trailing cables, chiefly owing to 
the unsuitability of their design, but he had now used for several 
years cables made to his own design, with entirely satisfactory 
results. The main features of the construction of these cables 
were as follows: — A thick padding surrounding each conductor 
over the insulation; a copper-wire armouring, of small gauge, 
serving as an earth-shield; and an outer braiding of hard and 
durable waterproofed cord. These cables had a long life, were 
exceedingly flexible and handy, and were almost proof against 
breakdown due to falling materials and similar damage. 

Witji regard to power-supply, Mr. Mavor pointed out the high 
cost of generating when power was produced by an independent 
plant put down for coal-cutting only. Where a power-company's 
supply was available, there was little doubt that power for this 
purpose could be bought more cheaply than it could be produced 
by an independent supply; and where electric power was used 
for other purposes, if the total amount was comparatively small, 
and the demand was intermittent and of a highly fluctuating 
character, the purchase of power would in many cases be the 
cheapest way of obtaining it. Where a plant was erected for 
coal-cutting only, the capital-cost should be kept as low as pos- 
sible, consistent with good material and sufficient capacity. 
Experience shewed that, with the low load-factor obtainable with 
coal-cutting alone, interest and depreciation formed by far the 
largest item in the cost of generating, and the extra economy 
obtained by the use of high-class engines, condensers, econo- 
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mizers and other refinements, did not, by any means, balance tbe 
increased capital-charges. There were, however, few collieries 
where electric power could not be used for other purposes in 
addition to coal-cutting; and, where this was the case, a great 
saving could be effected by developing the electrical installation 
as largely as possible. 



DISCUSSION OF MESSRS. W N. ATKINSON AND A. M. 
HENSHAWS PAPER ON "THE COURRlilRES 
EXPLOSION."* 

Mr. Henshaw said that the paper had been prepared for 
the North Staffordshire Institute of Mining and Mechanical 
Engineers, and he thought that it would be better if, before 
the discussion, he tried very briefly to run through a few of the 
main points of the paper. 

Nos. 2 and 3 pits, photographs of which were on the table, 
gave an idea of the general appeaiTince of the collieries, one pit 
being old and the other quite new. The foui-teen shafts varied 
from 750 to 1,200 feet in depth, and up to 15 feet in diameter. 
They were generally fitted with compartments for ladders from 
top to bottom. 

Air-compressors were installed at all the pits. At some of 
the new pita the winding-engines had compound cylinders. 
The mechanical engineering of the Courrieres Company was 
really first-class, and compared well with good English collieries. 
The ventilation was effected by fans. 

The Pas-de-Calais measures were below Cretaceous strata, the 
Upper Carboniferous formation being denuded. The Cretaceous 
contained large quantities of water, and in sinking the freezing 
process was generally resorted to. In the shafts the water was 
kept back by tubbing of oak, and sometimes of iron. There was 
a bed of impervious clay which prevented the water from getting 
down to the workings. The Coal-measures, 150 metres from the 
surface, were much faulted, the main faults taking a general 
direction east and wCvSt. The workings in the various seams 
consequently extended east and west, and the recoverj'-drifts 
took a direction north and south. 

The usual practice of opening out was to drive north and 
south from each shaft, at vertical intei-vals of from 20 to 60 
* Trans. Inst, M. E., 1906, vol xxxii., pages 439 and 340. 
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metres, main cross-measure drifta or bowettes. These cross- 
measure drifts intersected the seams at many points, and, as a 
result, a large number of separate districts were opened. These 
districts and bowettes were again connected by numerous verti- 
cal staples. It would be easily understood, therefore, that the 
workings were extremely complicated. The system lent itself 
to extension and intercommunication, and eventually to the 
joining-up of the different pits and seams. These communica- 
tions were consequent, not only upon the natural conditions, 
but were necessary for the purpose of ventilation, owing to the 
practice of generally sinking single shafts. The extent of the 
underground workings in the pita concerned was estimated at 
about 100 miles of road laid with rails. 

All the Courrieres pits were practically free from fire-damp, 
and they were nearly all worked witb open lamps ; but, according 
to certain regulations, safety-lamps were required to be used in 
headings in the direction of unproved ground, for driving staples 
upwards and in the preparation of new stages at greater depths 
than those previously worked. Safety-lamps of the Wolf type 
were therefore used in Xos. 4 and 11 pita in the deep workings 
at 383 metres, and in certain advance-headings to the deep from 
the 331 metres level. At the time of the explosion 250 safety- 
lampa were in use here; in No. 3 pit a few safety-lamps were 
being used ; and in No. 2 pit, 90 : otherwise all were open lights. 

During the writers' investigations, which covered practically 
all the workings, they found no trace of gas whatever. Some 
fire-damp had, however, been observed in recent years. Dust 
was plentiful, and no watering* or other method of dealing with 
it was adopted. 

Blasting was generally resorted to for stone- work and coal- 
getting; but none of the explosives were submitted to ofiicial 
tests as in England, although they were required to comply with 
certain formulae. 

The explosives used were No. 1 Favier powder and the 
grisounites, couche and roche. These explosives compared very 
cloely with some of the British permitted explosives. The 
explosives were supplied by the comixuiy, the cost being 
deducted fn»m the men's wages. The shots were fired by 
detonators and safety-fuMs, where nakinl lights were in use; and 
by electricity where s;\fety-lamps were used. 

Five only of the pits were directly concerned in the explosion. 
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They were Nos. 4-11: these were together, No. 3 single, No. 
2 single and Xo. 10 single. No. 11 pit was a winding and down- 
cast shaft. No. 4 was an upcast. No. 3 pit was divided by a 
partition to a certain depth, and was both an upcast and a down- 
cast. No. 2 was an upcast, and No. 10 was a downcast. 

Mr. Henshaw next described the Cecile fire. This fire was 
found between March 6th and 7th at No. 3 pit. It was first 
discovered by smoke and " stink " in a return-airway through 
old workings between the levels 280 and 326 metres in the 
veine Cecile. It was dealt with by the erection of stoppings in 
the roadwaj's leading from the area affected. Seven stoppings 
were put into the roads, five on the upper and return sides, and 
two on the lower or intake side. On the night previous to the 
explosion, the general manager had been down the pit, and before 
coming out had seen the stoppings completed and closed. At six 
o'clock in the morning he handed over the charge to M. Barrault, 
the manager of No. 3 pit, who went down to complete .the work. 
The latter was killed by the explosion, which occurred at seven 
o'clock. 

After the explosion, it was found that two of the stoppings 
near the shaft had been blown down, but instead of being blown 
out had been blown in. There was no trace of flame near them. 
The stoppings on the intake side were undisturbed, and there 
was no evidence of explosion, although flame had passed near 
by on the level 326. The indications of force shewed that the 
explosion had come from some other quarter, and passed by the 
stoppings. Personally, he was quite certain that the Cecile fire 
had nothing whatever to do with the explosion. This point was 
fully dealt with in the paper. 

On March 10th, 1,065 men and boys went down the pits Nos. 
2, 3, 4 and 11. The evidence of the explosion at the surface 
was the emission of quantities of smoke and dust. At Nos. 
4 and 11 pits, there was some damage to the roof, and at No. 3 
pit to the landing-floor. At Nos. 2 and 10 no evidence reached the 
surface, except smoke at No. 2 a few minutes after the explosion. 

Rescue-parties quickly got to work. M. Bar, the general 
manager, Mr. Domezon, the divisional engineer, and Mr. 
Bousquet, pitrmanager, went down No. 11 pit by the ladders. 
The cage was fast in the pulleys. It was repaired and got to 
work, and they found 100 or more men at the 331 level who had 
mostly come from the 383 level and were waiting for the cagf . 
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Twenty-five other men and boys were rescued from this pit up to 
11 o'clock at nigfat. 

At Xo. 3 pit the general manager, M. Petitjean, found that 
the fan was not exhausting from the mine. He tried to descend^ 
but the cage was fast at the bottom. He detached the rope of 
the lower cage, and replaced the upper cage by a hoppet On 
descending the shaft, he found it at 150 metres completely 
blocked by debris of ladders, ladder-compartmente, and parti- 
tions. During the day he managed to clear some of the obstruc- 
tion, but it was impossible to get through. 

The engineers, M.M. Voisin and Pegheaire, went down No. 
2 pit but were partly asphyxiated, the former getting his leg 
broken. At half-past seven this shaft became impassable, by 
reason of after-damp coming up. The rescue-party then pro- 
ceeded with their work from No. 10 pit. The chief inspector of 
the district, Mr. Leon, with two assistants, arrived at eleven 
o'clock, and by a decree of the State which required, in accidents 
of this nature, that the State inspectors should take charge, 
they assumed full control of the operations as soon as tkey 
arrived. At six o'clock in the evening Mr. Delafond, the 
inspector-general of mines, arrived from Paris. He descended 
No. 11 pit and visited the others. In the meantime many men 
and boys had been brought out by Nos. 11 and 10 pita. At half- 
past seven the general manager in No. 3 shaft thought that he 
heard cries from below the obstruction referred to. A rescue- 
party went down by No. 10 pit, and found thirteen men at the 
303 landing at No. 3, who had escaped from various parts of the 
mine. 

On Sunday, March 11th, a consultation was held between 
the State engineers, the engineers and surveyors of the company, 
and engineers of neighbouring mines, to consider what should now 
be done. They believed that there were no other survivors ; and, 
in addition to the danger from after-damp, the possible develop- 
ment of the Cecile fire gave cause for anxiety. The fire of course, 
at this time, was generally believed to have caused the explosion; 
and, in order to secure the safety of the explorers, the question 
of ventilating the wrecked workings was discussed, and it was 
then advised that the best course to adopt would be to reverse 
the ventilation. The work was started on Sunday evening and 
went on during Monday. But on Monday it was found that the 
air would not reverse. It was pi-actically standing in No. 2, and 
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would not go down No. 4. Another plan was resorted to : No. 
11, which had been a downcast, was closed ; No 4 was retained 
as an upcast ; and No. 2 was converted from an upcast to a down- 
cast, with No. 3 as the sole upcast. No. 2 pit was now the only 
pit from which the work of rescue could proceed. 

On March 12th the Germans arrived from Westphalia. They 
did no rescue-work, although they were instrumental in 
recovering bodies. 

On Tuesday, March 15th, five days after the explosion, 
a fire was discovered in the Josephine^ workings. It was decided 
to erect stoppings near No. 2 pit in the bowette 340 leading to 
the veine Josephine, and one stopping in the bowette 306 leading 
to the seam Julie above the fire. These stoppings closed the only 
remaining entrance to the pits affected by the explosion. On 
March 17th it was decided to attack the fire, and, the stoppings 
being replaced by iron doors, the work of extinguishing the fire 
was commenced on the 18th by means of a range of pipes and 
water under pressure. In this work the Salvage Corps from 
Paris and Westphalia, with their respiratory apparatus, did good 
service. On the 27th, the fire having diminished considerably, 
the stopping in the bowette 306 was opened. 

On March 30th the exploring party, having gone in by the 
route 306, found thirteen men alive, making their way slowly 
towards No, 2 pit. They had kept themselves alive by eating the 
provisions of their dead comrades, and com from the stables. 
They had been working to the extreme south of No. 3 fire at the 
time of the explosion. Great excitement was naturally caused by 
this marvellous escape, as there appeared even then a possibility 
of others living entombed in mines. During the two days follow- 
ing the whole of the workings of Nos. 2 and 3 pits were examined 
and searched in all seams without result; and it was equally 
urged that Nos. 4 and 11 pits, which had been closed since March 
12th, should be opened and searched. There was, however, to 
be considered the effect of ventilation on the Cecile fire at No. 
3 pit, and the hurried completion of some repairs which had 
been going on to the winding-engine at No. 11 pit. On April 
. 2nd the search of Nos. 4 and 11 pits was commenced, and three 
days afterwards another survivor was found alive near No. 4 
pit. His name was Burthon: he had survived the explosion 
twenty-five days, and when found seemed incapable of realizing 
his position. On May 20th a second fire was found in the 
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Josephine north-east of Xo. 3 pit. It was promptly dealt with by 
the erection of stoppings, but eleven bodies were enclosed. 

As to the cause of the explosion, he (Mr. A. M. Henshaw) 
remarked that the pits produced little fire-damp, and the best 
evidence of that was that none was found after the explosion. 
When the members considered the area covered by the explosion, 
it was impossible to believe that even a sudden outburst of fire- 
damp could have fouled so extensive a range of workings, and 
caused such an explosion as would account for all the effects 
observed. The roads were dry and dusty, especially the parts 
traversed by flame. The disastrous result was to be attributed to 
coal-dust alone. 

Before the authors' visit, some of the main roads had been 
cleaned, without indications being recorded. They traced the 
indications to a common source, and this led them to the north 
side of Xo. 3 pit at the 1,070 feet (32(> metres) level. On May 
18th, one of the writers went into the road in the Marie seam from 
the Josephine seam, and found leading indications ; and on May 
22nd, Mr. Heurteau found a blown-out shot-hole in the face of the 
Lecoeuvre heading in the Josephine seam. This shot-hole, as the 
point of origin, was consistent with all the other indications found. 
The most probable explanation was that the shot in question had 
missed fire on the previous day ; that at the time of the explosion 
the men were engaged in cutting out the shot ; and that in doing 
so they struck the detonator and exploded the charge. He (Mr. 
Henshaw), therefore, attributed the explosion to a blown-out shot 
and coal-dust. 

He (Mr. Henshaw) hoped that his brief remarks would enable 
the members to follow the discussion with interest. He directed 
particular attention to the important lesson to be drawn from 
the disaster, that the great extent of the explosion and the 
terrible loss of life were due to the presence of dry coal-dust in 
the roadways and workings of the mines ; and in this, the most 
disastrous explosion ever recorded in the history of coal-mining, 
the dangers of coal-dust were, in his opinion, most clearly 
demonstrated. 

Mr. Henry Hall (H.M. Inspector of Mines) said that it was 
absolutely necessary that all the facts should have been brought 
before the members in the interests of the British mines. The 
members would all agree that the enquiry had been put into 
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most excellent keeping, in the hands of Mr. Atkinson and Mr. 
Henshaw. It remained for the members to enquire into the 
matter fully. He hoped that the result would be that some steps 
would be taken such as would render so appalling a disaster 
impossible in this country. So far as the criticism of the paper 
was concerned, it struck him as most singular that the whole of 
the information depended upon what the authors thought them- 
selves. When they had an enquiry in Great Britain, an 
endeavour, as far as possible, was made to get information from 
those who worked in the pit on previous days, and from any of 
the survivors. Information of that kind was absolutely absent 
in this enquiry, and that he thought was possibly the greatest 
drawback that could be mentioned with regard to the enquiry 
itself. The paper itself was most complete and reflected great 
credit on the authors. Speaking generally, he (Mr. Hall) 
thought that the conclusion of the authors of the paper was 
right — that the disaster was caused solely by coal-dust — but the 
details were open to criticism, where, for instance, they 
endeavoured to fix the origin of the explosion. The members 
all knew that this was most difficult, and it very seldom had been 
done with absolute certainty. He thought, however, that the 
authors could be excused if they had not quite satisfied the 
members with regard to the site of the explosion. They had 
stated that the cause was a blown-out shot; but they had still 
to prove that the shot had previously missed fire. In his experi- 
ence, a coal-dust explosion started, as it were, gradually, and 
increased in force and in volume as it travelled. He could not 
imagine that a coal-dust explosion could start in the desperate 
manner described by the authors. With regard to the general 
conclusion that coal-dust had caused the explosion, it behoved 
the members to consider what they were going to do. If the 
members believed that coal-dust was the absolute cause of this 
loss of life they would have to undertake watering on a very 
different scale from what they had been accustomed to. It 
behoved them to satisfy themselves, however, that in this respect 
they were taking precautions against an absolute danger. He 
(Mr. Hall) would recommend the coal-trade to establish an 
experimental station, not 150 feet long but 1,500 feet long, and 
see whether that model gallery could be blown up by coal-dust in 
the way suggested. If it could not be blown up in this way, then 
mine-owners ought not to be called upon to undertake the pre- 
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cautionary watering of their mines. He was afraid that mining 
engineers in France were unprepared for such an explosion as 
that which occurred ; and it seemed to him that they had very 
little knowledge of how to proceed after the disaster, and many 
steps were taken of very doubtful utility. He was not quite 
certain that mining engineers in Great Britain were in a much 
better position. When an explosion occurred in this country, 
there was no one upon whom the duty devolved of saying what 
steps should be taken to rescue those left in the mine. He 
thought that some action should be taken, so that some person 
or some committee should be consulted before any mine was 
closed, while men dead or alive remained in it. To put the 
responsibility, however, solely on H.M. inspector of mines was 
almost more than any man should bear. 

Mr. John Gerrakd (H.M. Inspector of Mines) congratulated 
the authors on the success which they had attained ; and the ful- 
ness of the information given proved the immense pains that 
they must have taken. It was fitting that such a terrible catas- 
trophe, the greatest in the annals of mining, should be 
thoroughly enquired into by British mining engineers, and he 
thought that it would be impossible to have found anyone better 
qualified than the authors of the paper. One could not but be 
struck by the extraordinary facilities rendered them : the owners 
of the collieries, their engineers, and the inspectors of mines 
must have received the authors with open arms; and for his 
part, he was anxious that this should be fully recognized. 

The cause of the immense loss of life at Courri^res opened out 
a wide field for discussion — ^the shafts, the roadways connecting 
the workings with the shafts, coal-dust, explosives, underground 
fires, discipline, mines-inspection, etc. If there was anything 
to be learned from that terrible disaster, it was their duty to 
apply the lessons to British mines with a view to the prevention 
of a similar loss of life in this country. Mr. A. M. Henshaw had 
spoken of the cause of that disaster as being a blown-out shot. 
He (Mr. Gerrard) was not going to differ from him, but he would 
like to examine the question for a moment, because on previous 
occasions shots had been called blown-out shots, which, to his 
mind, were not blown-out shots at all. Could this be directly 
called a blown-out shot? In point of fact, it would not have 
been fired if the detonator had not been exposed. It was sup- 
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posed that the detonator was struck by a pick. The startiag of 
the force in this case was quite different from that seen so many 
times at the start of a coal-dust explosion. The smashing of the 
air-pipe, which took the air from the face, was in itself 
interesting ; and, if fire-damp had been found, the members could 
understand the bursting of the pipes in that extraordinary out- 
ward manner, or coal-dust in the pipe might explain it. He 
regretted that there was no information with regard to the 
amount of ventilation that passed through the mine. He asked 
whether the Government oflBcials, in taking possession of the 
mine, acted on their own initiative absolutely or whether they 
consulted with the engineers. 

Mr. A. M. Henshaw replied that they consulted with the 
engineers. 

Mr. Qebrard remarked that it was foreign to his experience. 
It had always been customary to work together with the engineers 
that assembled; and nothing was done without the approval of 
the engineers. The direction of operations by Government 
officials seemed to be open to veiy serious question, and waa 
extremely undesirable. One of the most interesting points in 
this valuable paper was the analysis of the dust of the roads, 
distinguishing the dust that could feed an explosion and the 
dust that did not sustain one. There were many ques- 
tions that he would have been glad to ask, but the large number 
of members present, some of whom would wish to join in the 
-discussion, stopped him from going farther. 

Mr. Joseph Dickinson said that he had read Messrs. H. 

Ounynghame and W. N. Atkinson's report,* and Messrs. W. N. 

Atkinson and A. M. Henshaw's paper, but there were still many 

details which had not yet been brought before the members. 

Fire-damp was almost entirely absent, although in 1904 a miner 

was burnt by the ignition of fire-damp by a naked light, and 

some fire-damp was met with in the lowest level in Nos. 4 and 11 

pits in 1903, 1904 and 1905. It seemed that all hope of any 

survivors being in the pit appeared to have been abandoned up 

to the time of the appearance of 13 men, twenty days after the 

* Report to H.M, Secretary of State for the Home Department on the 
Disaster which occurred at Courri&res Mine, Pas de Calais^ France^ on March lOth^ 
1906, by Messrs. H. Cunynghame and W. N. Atkinson, 1906 [Cd. 3171]. 
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explosion. It was stated that tlie blast did not appear to hare 
been so violent as in some British explosions, yet that there were 
traces of violence in some parts and notably in the intake*aix^ 
ways. Then in connection with the fire, which was discovered 
in the C^cile seam before the explosion, it was a rather strange 
coincidence that the stoppings were closed jnst a little time before 
the explosion took place. The mode of re-entry after the explosion 
did not meet with general approval. Four days after the 
explosion, there was a general strike of the miners throughout 
the Pas-de-Calais district. A new trade-union was formed, and 
five days afterwards the Minister of the Interior had an inter- 
view with the officials. The iron door for passage, which wa» 
inlroduced in each stopping, when extinguishing tlie first fire 
in the Josephine seam gave rise to the allegation that the restora- 
tion of the mine was more the object in view than the rescue of 
the entombed miners; and that resulted soon afterwards in a 
change being made. Bitter attacks found expression against 
the explorers, although some of them lost their lives in their 
endeavours. The miners' agents on the Commission of Inquiiy 
made a premature minority report, throwing the responsibility on 
the owners, alleging repeated warnings to them that the mine 
was dangerous. The majority report, however, followed and 
cleared the engineers of all blame, and testified to their exer- 
tions. A member of the Mines Commission of the Chamber of 
Deputies visited the mine and took evidence; and, afterwards, 
in a debate in the Chamber, criticized the owners, to the effect 
that the State engineers were insufiicient in number and the 
functions of the miners' agents too restricted, — the result being 
to rely upon the declaration of the Government to ascertain 
the responsibilities, and, if occasion arose, to enforce all require- 
ments of the law. Meanwhile, the Parquet at Bethune 
acquitted the State engineers of all blame in the recent operar 
tions ; and it was stated that medical examination of the bodies 
had established the opinion that of the bodies recovered none, 
so far as ascertained, had survived the day of the explosion. 

For the purposes of his report, Mr. W. N. Atkinson went 
underground eighteen times between May 4th and 18th, and 
between June 22nd and 29th, the first view being made 55 days 
after the explosion. Mr. Henshaw also seemed to have 
made ample views. Before the commencement of the view, 
therefore, exploration had effected many changes, and road-wajrs. 
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formerly dry and dusty had become wet with water. Steam 
also from the water used in extinguishing the first fire in the 
Josephine seam had moistened some roadways. 

After tracing the direction of the explosion, the writers came 
to the conclusion that it was caused through a blown-out shot 
in the Lecoeuyre heading, that probably the shot was fired while 
the men were attempting to cut it out, and that in all probability 
it was a dust-explosion without the presence of gas. The writers, 
however, agreed that the actual cause might never be ascertained ; 
and, in coming to this conclusion, they gave some good, although 
not completely convincing, reasons. The mines were singularly 
free from fire-damp, and were chiefiy worked with naked lights. 
Partially coked dust was observed in the parts traversed by 
flame. The first fire in the Josephine seam was attributed to the 
flame of the explosion; and the second fire was attributed to 
the same cause. The former fire was found in the return-airway 
of the Cecile seam three or four days before the explosion, the 
explosion following soon after the closing of the stoppings, and 
as the explosion did not appear to have occurred at the fire, it 
was supposed that gas was distilled from the fire into the 
LecoBuvre . heading. Local opinions, deserving of notice, 
concurred in holding that the explosion began in the Lecoeuvre 
heading, but that it was started by gas, and that this cause was 
supported by part of the air-pipes in the heading being burst 
outwards. The parallel gallery on the rise of the Lecoeuvre 
heading was not working at the time of the explosion, and being 
much fallen, was not explored after the explosion. Of the four 
pits in which the loss of life occurred, two of the shafts were 
entirely and the third partly used as upcasts for the return-air. 
Whether therefore, the explosion was entirely due to the blown- 
out shot, helped on by dust only, or whether impure return air 
contributed, were points tbat might be properly considered with- 
out prejudice. The distinguishing features were 13 pits, 
all connected by roads underground. If the origin was a shot, 
apparently that ignition might light coal-dust. If fire-damp 
aided, naked lights were unsafe in dusty mines, unless watered. 
The explosion opened out a wide field for experiment and discus- 
sion. The experiments made by Mr. Henry Hall* with gun- 

• Repcrt of Experiments to teat the Effects of Blasting with Gunpoioder in 
Dry and Ihisty Colliery Workings in the EtUire Absence of Fire-dttmp, by Mr. 
Henry Hall, 1S90 ; and Report made by desire of the Secretary of State to the Royal 
Commission on Explosions from Coal-dust in Mines, by Mr. Henry HalL 1893 
[C.-7,185J. 
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powder and other exploeives fired from a cannon into sprinkled 
coal-dust in an old shaft showed clearly that such dust could 
be ignited and some force developed, yet in these experiments 
as seen by himself the force was less destructive than in ordinary 
fire-damp explosions. Similar lack of vigour was noticed at the 
Courriftres collieries. He (Mr. Dickinson) had produced a spark 
many times from compressed air alone, but never repeated from 
the same body of air once exploded. It would be interesting to 
know the amount of ventilation at the Courrieres collieries, 
as it was not stated by the authors. Also, whether among such 
extensive workings any new opening was being made on the dip, 
from which atmospheric pressure might have helped fire- 
damp to ascend into the workings. Such sudden appearances 
had occurred; or the stoppings, shutting ofiE the fire in the 
Cecile seam, might have disarranged the ventilation. Of the 
total number of safety-lamps enjoined by the regulations, 260 
were used in Nos. 4 and 11 pits and the other 90 in No. 2 pit. 
All these lamps were in use in the pits that exploded. The 
rescue-operations had been criticized, but he would say that such 
operations required nerve and care. As to this point it should be 
noted that after-damp and fire-damp are poisonous gases unless 
diluted, and therefore pits containing such might not be entered 
with impunity for a longer time than a person could hold his 
breath unless he was provided with some reliable breathing 
apparatus. It was satisfactory to know that the report of the 
ofticials of the Courts of Justice on the responsibilities and points 
of law was expected to contain much valuable evidence. 

The President (Mr. Charles Pilkington) remarked that there 
appeared to have been a certain amount of interference by the 
State engineers in the management of the pits, with which he 
certainly did not agree. He could hardly believe that it was a 
fact. It was the last thing that a British inspector of mines 
would desire. The engineers and managers, responsible for a 
pit before an explosion, were the men to take charge of it after 
the accident. H.M. inspectors of mines were, of course, always 
present on such occasions, and rendered valuable assistance, and 
their advice was always gladly received; but, if they took the 
management out of the hands of the colliery engineers, he could 
quite understand that things might go wrong. 
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MANCHESTER GEOLOGICAL AND MINING SOCJIETY. 



ORDINARY MEETING. 
HkiiD im thb Rooms or the Socibtt, QVBtN's Chambbbs, 

5, JOHK DALtON BtRBBT, MaN0HB8¥EB, 

JxsfXJASY 8th, 1907. 



Mb CHARLES PILKINGTON, Pbbsidbkt, in thb Chaib. 



The following gentlemen were elected, having been previously 
nominated: — 

Mbmbbbs— 
Mr. Jambs Filbs, Mining Engineer, 402, Bolton Road, Clifton, Manchester. 
Mr. T. OuYEB Cboss, Mining Engineer, 77* King Street, Manchester. 

Associate Membbr— 
Mr. WiLTBiD Benjamin Wainewbioht, Los Angeles, California, United 
States of America. 



CONFERENCE OF DELEGATES OF CORRESPONDING 
SOCIETIES OF THE BRITISH ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE, YORK, 1906. 

Mr. William Watts, delegate of the Society to the meeting 
of the Corresponding Societies of the British Association for the 
Advancement of Science, held at York on August 2nd and 7th, 
1906, read his report, as follows: — 

I attended both meetings of the Corresponding Societies on the 2nd and 
7th of August, 1906, and beg to submit the following report. 

The opening meeting was presided over by Sir Edward Brabrook, C.B., 
who« in his opening address, dealt with the advantages local societies derived 
by being affiliated and associated with the British Association for the 
Advancement of Science. The meeting was the twenty-second of the Corre- 
sponding Societies and the first at which associated and affiliated members 
were present. No societies were represented but those which published 
original papers dealing with scientific investigations, and it should be 
regarded as an honour to be affiliated with the British Association, to stimu- 

8 
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late the members to further efforts in the work in which they are enga^ped. 
Members of Corresponding Societies have opportunities and advantages of 
acquiring local information not available to casual visitors, and it was 
pointed out that the British Association cultivates the study of all sciences 
bearing upon the welfare of mankind. Careful investigation of the prin- 
ciples of science in every part of the country enlarges the bounds of human 
knowledge and makes one take a deeper interest in the laws of nature. 

In the survey of the sectional work done by the Association, economic 
science was not overlooked. The method of dealing with wealth leads to 
public good, even in the management of a household. 

The investigation of the unemployed problem is of importance, also the 
consideration of the decline in the birth rate, with all the moral consequences 
it implies. The employment of women, feeding of children at schools, and 
the question whether marriages should be permitted where the contracting 
parties, by feebleness of mind and body (or in other ways) are unfit to 
maintain their offspring in comfort and happiness, are economic questions 
affecting local societies in different ways in different districts. 

Each locality has its own ancient monuments, ita own connection with 
past history, its own mixed population, with special racial affinities, its own 
ancient customs, some of their roots going far down into the past; its own 
folklore, its own dialect, its own place names, and thus every local society 
has an interest in working out for itself its own anthropological history. 

It is only by the help of local societies that this can be done satis- 
factorily. 

Education was referred to by the President who suggested, by way of 
illustration, that boys in seaport towns should be taught seamanship, boys 
in business towns, book-keeping, kindred trades and so on. Children, as a 
rule, fall into the businesses and trades followed by their fathers, and so 
it has been for generations past. All cannot be book-keepers. There must 
be tillers of land, sowers of seed, and harvest reapers, and other allied 
trades contingent upon these occupations. 

Noah's three sons, Shem, Ham and Japhet, set the example of separate 
trade industries, also the diversity of languages when they separated. En- 
vironment is a great power in teacliing and training children the stem 
duties of life. The great object of education is to develop the thinking 
faculties and to teach a child to think for itself and rely more and more 
upon its own resources for success. The healthy surrounding of children, 
at home and in school, was also referred to and reference made to the good 
effect a sound mind in a sound body would have on the future population 
of the country. 

One sees daily evidence of the want of careful training of children. 
Parents ignorant of feeding and nursing their offspring; caring more for 
the training and rearing of animals and plants, and in perfecting themselves 
in games or so-called sports, than in the careful training of their own 
children. 

Sir Edward Brabrook also spoke of the legitimate provinces of con- 
ference in inducing and encouraging free coiiimiinication with each other, 
and leamiog what has been done, so as to avoid wasteful time and duplica- 
tion of work by others engagt^d in like pursuits. "Iron sharpens iron; so 
man sharpeneth the countenance of his friend." 

At the ctmelusion of tlie opening address. Dr. Hugh Robert Mill intro- 
Ju td the subject of Meteorology. 
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He oommended the attention of scientific societies to the intellectual 
adyantagfes to be derived by members from the study of Meteorology; not 
merely that it may help them in predicting the weather from day to day 
but enable them to foretell the changes of weather by careful and accurate 
observation. He spoke of the use of good instruments whioh always assist 
to make observations more valuable. 

Experiments with kites were referred to and the results which await the 
student in the measurement of moisture in the air, also the revision of the 
tables by means of which the humidity is calculated. 

The study of local climate in which the co-operation of local societies is 
invited, was alluded to, and the importance of establishing well equipped 
and managed observatories under careful control as sugfgested, and Br. Mill 
promised to render any assistance he could if required. Two elements of 
study are much needed, viz., sunshine records and rainfall observations. 

The duration of sunshine is measured by a recorder but at the present 
time there is no accurate map of the average annual sunshine in the British 
Isles, yet the relation of sunlight to health and agriculture is of great 
importance. 

The distribution of rain and the pressure of wind are local phenomena 
the study of which corresponding societies could take up and by the erection 
of a series of stations secure continuity of observations and make it possible 
to obtain general averages of rainfall over a larger area, so that the limits 
and distribution could be foretold with some degree of certainty, and also 
the intensity and duration. 

This information would be beneficial to farmers in preparing for and 
gathering of their crops. Some parts of the country are well provided 
with rain gauges, but they are not uniformly distributed and Dr. Mill 
expressed a wish that gentlemen who had the necessary time, and could 
afFord the expense of establishing gauges would do so; not only for the 
scientific value of the work done, but for the pleasure of collecting the data 
from day to day and thus assist the Association. 

It was also urged that corresponding societies should assist in seeing 
that proper instruments are provided and the records duly forwarded to 
the Meteorological office for tabulation and comparison. 

A discussion followed Dr. Mill's paper in which several delegates took 
part agreeing in the main with the Dr.'s suggestion that more active 
work was required in the weather forecasts, to make them more reliable 
and beneficial to everyone engaged in the various trades of the nation 
influenced by Meterolog^cal laws. 

The second meeting was held on the 7th of August, Mr. John Hopkinson, 
P.L.S., F.G.S., taking the chair. 

The Chairman pointed out that the second conference of the delegates 
was held at York twenty-five years ago, the first being held at Swansea in 
1880. He impressed upon the delegates the importance of preparing annual 
reports to their respective societies, detailing the work done at the con- 
ferences, in order that their own members should know from year to year 
what subjects were brought forward for discussion and thereby inspire a 
deeper interest in the work of the Association generally. 

The importance of taking permanent photographs in all ports of the 
country wherever change and decay were noticeable, was recommended in 
order to obtain lasting impressions of the interesting land features— whether 
natural or artificial — ^for at no other period had the destruction and 



7(| m^XSACTtoiiS. [Jan., 1907. 

mutilation been more rif? than at the present time^ and never before had 
so much interest been taken in the preaervation, change and decay of the 
surface features of the land. The ravages of time should not be overlooked, 
such as the encroachment of the sea upon the land, landslipe, denudation 
of moorland g^ens, and the widening action of rivers and destruction of 
forests. Indeed, everything of scientific interest relating to surface changes, 
the Chairman said, is worth representation by the camera. For this purpose 
camera and photographic clubs should be established and worked by country 
societies in conjunction with some authoritative society, or committee, in 
touch with the British Association. This is the only way permanent results 
can be secured an^ compared, and made valuable by combination. 

Several minor papers were submitted by members of the conference, 
dealing, in the main, with the photo-survey movement and urging upon 
societies the desirability of furthering the movement by establishing local 
depdts in which the pictorial prints should be placed for reference. 

The physical features of the land slowly change, not only naturally 
but by the agency of man. Waste land is year by year diminishing, bogs 
are drained, pastures slowly creep up the hills, forests vanish, while new 
plantations spring up where they did not previously exist, and the opening 
of mines and quarries alter the natural scenery. These changes should be 
recorded. 

In addition to the opening of canals and railways, the expansion of 
large towns changes the scenery which should also be placed on record, not 
forgetting the ethnological survey of the people of the different countries, 
which also is changing with the trades, dress, occupation, habits and amuse- 
ments, by means of freer communication aad education of the people. 
Every corresponding society could assist in aiding the work of the British 
Association and your delegate hopes that the Manchester Geological and 
Mining Society, one of the largest societies in the North of England, will 
do its fair share of original scientific work, and that next year your delegate 
will attend the conference with a report worthy of the name of the society. 



The Peesiaent (Mr. Charles Pilkington) complimented Mr. 
Watts on his able report and the suggestions it contained. He 
aid not know whether they would be able to make such reports as 
Mr. Watts had indicated, but he was certain it would be a very 
good thing if they could. Perhaps Mr. Watts would tell them 
which point he more particularly desired to have taken up. 

Mr. William Watts said he thought the subject of topo- 
graphy might be taken up by the members of the Society, and not 
only should changes in the features of the land be noted, but 
records of sunshine and rainfall might very well occupy atten- 
tion. The report was much condensed, and was only an epitome 
of what took place at the meetings. 



Colpi^el Gf». H. Hqixingwokts moved a vote of thaaka to 
Mr. Watte for his report, which was seconded by Mr. John 
Ashworth and carried unanimously. 

The President (Mr. Charles Pilkin^on) said he quite agreed 
with the remarks about the education and preparation foi* future 
work in life. When anyone in his part of Lancashire met a 
little girl going to school and asked, ** What are you going to 
be ?'' the answer usuj^lly was, " Please, sir, a teacher," that waa 
all. They learnt little concerning the right way of looking after 
a house, or the babies, or what might be useful to them in after 
life. They wanted to be teachers. He believed the education 
authorities were trying to alter this state of things. With regard 
to rain gauges, one of the difficulties he anticipated was the 
constant attention that they would require if they were to be of 
any use. 

Mr. William Watts, after thaiLking the members for their 
vote of thanks, said that one point that was insisted upon at the 
York meeting was the desirability of fixing more sunshine 
recorders and rain gauges. Dr. Mill of the Meteorological 
Department wanted more of these gauges fixing to cover a wide 
area of the country, and he thought local societies might very 
well take up the task of recording the sunshine and rainfall in 
their various districts. Although he had under his chaise a 
number of rain gauges covering a wide area of the country it 
was not fully represented in this respect, and more were required. 
In some districts many miles lay between one gauge and another, 
leaving districts uncovered by these instruments which might be 
represented. 



HORIZONTAL AND VERTICAL SECTIONS OP COAL- 
MEASURES PROM RISHTON, LANCASHIRE, TO 
PONTEFRACT, YORKSHIRE. 

Mr. John Gt;t?.t?.art> (H.M. Inspector of Mines) exhibited hori- 
zontal and vertical sections of the Coal-measures from Rishton, 
in Lancashire, to Pontefract, in Yorkshire. The section had been 
prepared, on the Lancashire side, by Mr. William Pickup, of 
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Rishton colliery, who had shewn the position of the Upper and 
Lower Mountain mines, in connection with the district of Bish- 
ton; by Mr. Geoi^e Elce, who had shewn the position of the 
Arley mine, and the Upper and Lower Mountain mines at 
Altham ; and by Mr. Edgar O. Bolton, of Burnley colliery, who 
had shown in a very clear manner the position of the seams in 
the Burnley district. The first portion was carried to the end of 
the Lancashire basin, then came the moorlands through the 
Millstone and other grits until the Yorkshire coal-field was 
reached. The section shewed the Halifax seams which were said to 
correspond to the Mountain mines of Lancashire ; it was extended 
to Bradford, Low Moor and Cleckheaton, until it included the 
higher seams, such as the Middleton Main, which might or 
might not have some relation to the Arley mine; and finally 
it showed the thicker seams near Normanton, and so on to Ponte- 
fract. The section was really the outcome of a discussion which 
took place some six or seven years ago. A Committee was 
appointed of members of this Society and of the Midland Institute 
of Mining, Civil and Mechanical Engineers, to work together and 
try to correlate the seams of Lancashire with those of Yorkshire. 
He (Mr. Gerrard) did not say that the section caiTied matters very 
much forward in connection with the work of correlation, but it 
was a first step, and shewed the position of the different coal- 
seams; and upon this section mining engineers could advance 
their favourite theories so far as they chose to go. The section 
now exhibited belonged to friends in Yorkshire, and before hand- 
ing it over to them he thought that it might be shewn at this 
meeting. The distance covered by the section was about 60 
miles. The absolute break between the two districts was clearly 
shown. He was very grateful to the gentlemen he had named 
for the work that they had done. 

A hearty vote of thanks was accorded to Mr. John Gerrard 
for the trouble that he had taken in the matter, and for 
exhibiting the section. 



Vol XXX ] DISCT7SSIOW — LVALUE OP FOSSIL MOLLUSCA. 78 

DISCUSSION OF MR. J. T. STOBBS' PAPER ON " THE 
VALUE OF FOSSIL MOLLUSCA IN COAL-MEASURE 
STRATIGRAPHY."* 

Mr. John T. Stobbs said that zones of freshwater moUusca 
had already been established over most of the British coal- 
fields. These zones were first worked out in North Staf- 
fordshire; and with this key to their sequence it was com- 
paratively an easy matter to go to the other coal-fields and see how 
far the sequence held in them. The presence of these different 
forms was a true indication of the coal-seams in their vicinily. 
It was everybody's experience that one never found anything 
unless one looked specifically for it, and that one always found 
what one looked for specifically. If these forms were diligently 
looked for, he believed that they would be found. In Yorkshire, 
workers were taking up this matter in earnest, and he did not 
doubt that in a very few years they would be able to add very 
much to their store of knowledge of this question. Mining engi- 
neers required some scheme for the unification of their know- 
ledge of the Coal-measures, so that when a man, who had been 
trained in one coal-field and knew its sequence, went to another 
coal-field he could, almost at once (if the knowledge were codified 
and registered and recorded), pass from the sequence of the new 
coal-field to that with which he was already familiar. 

To some extent that need was met by classification of the 
Coal-measures, and classification had been taken up by different 
workers and based on different grounds. Almost everybody had 
adopted the Upper, Middle and Lower Coal-measure divisions 
until the last few years. That classification had the advantage of 
being rough-and-ready, but a division, a threefold division, of 
3,000 feet or more of Coal-measures was not, and never could be, 
refined enough for the practical needs of the mining engineer, 
who wanted to know with much greater particularity where he 
was, in proving faults, in putting down bore-holes, and in sink- 
ing, than simply to know whether he was in the Upper, Middle or 
Lower Coal-measures. Another disadvantage of that scheme was 
that the Upper, Middle and Lower divisions of one district were 
not correlative with the Upper, Middle and Lower divisions 
respectively of other coal-fields. That was a serious disadvan- 

• Trans. M. G, M. 8., 1905, voL xxix., page 323 ; and Trana. Inst. M. E., 
1906, Tol. xxxi., page 485. 
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taice; people acquainted with the characteristics of, say, the 
Middle Coal-meafiures of one coal-field, when they went to 
another coal-field were often misled. They found thftt certain 
organic forms were either present in, or absent from, the Middle 
Coal-meaaures in the new district, and the result was that they 
had te get their bearings afresh, ah initio^ for the new coal-field. 
The Upper, Middle and Lower terms had been adopted by palsBO- 
botanists ; but the trouble was that they had so many transition 
series. As a matter of fact^ the Coal-measures were one great 
transition series so far as fossil plants were concerned, and that 
introduced an amount of uncertainty inte the correlation by 
plant-remains that was most perplexing te the practical mining 
engineer. Then, there was a recent classification based on 
colour, such as a red, or a grey, or a pal^-grey, or a red-and-grey 
series. Now, no classification of the Coal-measures based on 
colour could be of much service to the mining engineer. Colour 
was, geologically, one of the most uncertain things, depending, 
as it did, so largely on fortuitous changes produced by weather- 
ing, and it was unsaie to base any classification of the 
Coal-measures on the fact that a majority of the strata were either 
grey or red. Practical mining engineers had attempted the cor- 
relation of the coal-seams of individual fields by reference to 
their physical characters, and by comparing sections of coal- 
seams of a certain thickness and quality, and lying at a certain 
depth above or below other seams of a certain thickness and 
quality. They had, on such data, joined up one seam with 
another, and that was what he called *' the arm-chair method of 
correlation." It was based on the variable data above-men- 
tioned ; and a classification that was based on such variable date 
could not be reliable- Eventually he had been driven to try 
the system of correlation by the moUusca. 

There was, he (Mr. Stobbs) found, considerable scepticism as 
to the value of these fossil shells, and it rested with those who 
believed in this system to shew that it was of practical value. 
Coal-measure moUusca had been very largely neglected, and it 
was only within the last few years that they had been shewn 
to be general and wide in their distribution. He thought, how- 
ever, the fact that eight zones had been determined, and that 
the uppermost and the lowest extended from the Northumber- 
land and Durham coal-field to the South Wales coal-field, ought 
to prove that the subject deserved systematic work and investi- 
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gation by mining engineers. The complete palaeontological 
sequence of each coal-field would only be determined by diligent 
and even laborious effort on the part of residents, and local 
wprkers were greatly needed. Each shell would teach mining 
engineers something, if their obsenration were only subtle Plough. 
Slight yariations of the same species were at present observable, 
and those variations in time, as men got educated to look at them 
aright, would convey useful knowledge as to the true horizon of 
the strata. 

Instances where the mollusca would be of special service, and 
examples where they had already proved so, might be cited: 
in coal-fields like those of Lancashire and Yorkshire, where the 
Goal-measures were overlain unconformably by newer rocks 
(Triassic or Permian), great care should be exercised when 
sinking through them to the underlying Coal-measures. It 
was of the first importance that the mining engineer should 
know, when he had sunk or bored through the former, the 
horizon reached in the Coal-measures, and undoubtedly mollusca 
would be able to help him most. His (Mr. Stobbs') confidence on 
this point was based on experience gained in mining operations, 
as he had proved the utility of mollusca in determining horizons 
even in borings. In the Cheadle coal-field, a bore-hole was put 
through measures which had never been passed through before 
and were not exposed at the surface, and it was important that 
the parties responsible for the bore-hole should know what seams 
had been passed through. The fossils found in a core, 3 inches 
in diameter, enabled him to identify the Four-feet seam ; and a 
further examination of the cores shewed a new marine bed about 
81 feet above the Dilhorne coal-seam of that district. About a 
year later, when a shaft was being sunk in the same coal-field,, 
he found the same marine bed, and he was able, therefore, to 
state that 81 feet lower down they would get the Dilhorne coal- 
seam ; and some months later that coal was found at that exact 
depth. Of course, great care was required ; the shells should be 
authoritatively recognized, and their diagnostic value should be 
properly assessed.* He (Mr. Stobbs) appealed to the younger 
members to assist him, as workers were needed in every coal-field. 
In taking up this work they would have the satisfaction of feel- 
ing that they were making discoveries and adding to scientific 

• TraiM, M, G, M. S,, 1905, vol. xxix., page 336. 
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knowledge, and that they were acquiring skill in recognizing 
the different forms and in looking for them. He assumed that 
the members would a^ee that the engineers of the future had 
their work cut out for them, and it was the more necessary that 
in this generation they should settle the question of the distri- 
bution of moUusca in the Coal-measures, so that this problem, at 
any rate, would not be a future source of uncertainty and anxiety. 
In the future, as a result of accurate accumulated work in differ- 
ent coal-fields, this question, now in portions of the sequence in 
a state of undesirable uncertainty, would be so established that it 
would be possible to define the position of any seam or band in 
the Coal-measures with the certainty that one now, in the case 
of winding-engines of given power, determined the quantity of 
coal that could be raised from a certain depth in a given time. 

Mr. H. Stanley Atherton urged the desirability of forming 
a band of workers in this field of enquiry who would render to 
Lancashire something of that service which Dr. TVheelton Hind 
and Mr. J. T. Stobbs had rendered to North Staffordshire. 

Mr. A. RrsiiTox exhibited fossils found in the roof of the 
AVigan Xine-feet or Trencherbone seam, at Maypole colliery, 
Abram. They formed part of a shell-bed lying on tlie roof, 
within 3 feet of the coal-seam. He had worked the Trencherbone 
seam in the Manchester district, and the TVigan Xine-feet in 
collieries lying to the north of Wigan, but he had not found 
these shells previously in the roof of that coal-seam. They 
appeared to be of a local distribution at Maypole colliery. 

Mr. William Ollerenshaw remarked that mining engineers 
and others who had experience in coal-mining were agreed that 
a more reliable method and system of correlating coal-seams was 
required, as it had been repeatedly proved that the present 
system was unreliable. The Two-feet or cannel coal-seam, in the 
Manchester district, in the course of a few miles, altered its 
physical peculiarities several times. At Ashton-under-Lyne, it 
was an ordinary bituminous coal, 2 feet thick ; at the Dukinfield 
collieries, about 2 miles eastward, it varied from 2 feet to 6 feet 
in thickness, and was a valuable cannel-seam; a little further 
eastward, it again altered its physical features, and was found at 
Hyde colliery, with occasional belts of cannel; and at Denton 
colliery, as an ordinary seam of coal, 2 feet thick. At Denton 
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colliery, the strata between the Great and the Roger coal-seams 
varied in a very short distance from 100 feet to about 60 feet in 
thickness, with a corresponding alteration in the character of the 
strata. These examples proved the unreliability of the system 
of determining or correlating seams by their appearance and the 
thickness of the intervening strata, or by the physical features of 
a coal-seam. He agreed that, if mining engineers would pro- 
ceed on the lines advocated by Mr. Stobbs, it would prove a much 
safer method, and that the present unsatisfactory correlation of 
coal-seams would be improved in the future. 

Dr. Wheeltox Hind said that he was pleased to find that his 
work on the Coal-measure moUusca of twelve years ago was 
bearing good fruit, and delighted that Mr. Stobbs was proving 
the value of these fossils in practical mining. He (Dr. Hind) 
approached these fossils from a biological standpoint at first, 
and it was only later on that the accumulation of facts of distri- 
bution shewed him the value of certain species as accurate indices 
of horizons in the Coal-measures. He had attempted to sketch 
out the distribution of the genera Carhonicola^ Aiithracomya and 
Naiadites, as far as was then possible, in the strata of the various 
coal-fields of Great Britain. One zone of great importance, . 
characterized by the presence of Anthracomya Phillipsi, denoted 
the top of the workable coal series in most of the coal-fields. At 
Bristol, a higher zone occurred, but this was recognized by its 
flora. Marine could be readily distinguished from non- 
marine bands, as the structure of marine shells, their ornament, 
large teeth, and anatomj- differed markedly from those of fresh- 
water forms. In marine bands, Gasteropoda, or coiled shells. 
Cephalopoda or chambered shells, and Brachiopoda occurred 
with lamellibranchs, but were never found in freshwater beds 
where the shells belonged to the Unio type, just as in the rivers 
and lakes of to-day. 

Mr. WiLLLiM Pickup said that a correction should be made in 
the paper.* The words " Upper Mountain " should read " Upper 
Foot.'' The marine shells referred to were not found above the 
Upper Mountain, they were always found above the Bullion or 
Upper Foot coal, a seam lower in the series than the Upper Moun- 

* TrajiA, J/. O, M. 5., 1905, vol. xxix., page 329, Lancashire coal-6eld, 
paragraph {d). 
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tain, and generally found by itself, but sometimes it combined 
with the Lower Mountain mine. 

Mr. John Qerrard sincerely hoped that some of the younger 
members would take up this work. He was quite sure that if 
they once got interested in it they would go on and never regret 
their perseverance. The work was not only interesting, but 
exceedingly valuable in connection with mining. 

Mr. Walter Baldwin wrote that Mr. Stobbs and Dr. 
Wheelton Hind were to be congratulated upon the good work 
that they had done in Staffordshire. They had shewn that 
" zoning " the Coal-measures could be carried out upon a sound 
basis. He regretted that, in the Lancashire and other coal-fields, 
mining engineers had been slow to search for and to adopt these 
useful indices. The key which Mr. Stobbs and Dr. Wheelton 
Hind had discovered in Staffordshire would, he believed, 
undoubtedly open the doors of other coal-fields. He regretted that 
in the Lancashire coal-field, the material, at present to hand, was 
scanty, and the field- workers were few; and, until both were 
increased, the value of moUusca would not appeal to the practical 
man. He hoped that the effect of Mr. Stobbs* paper and the 
present discussion would be that all members, who were engaged 
in sinking or driving drifts, would look out for fossil mol- 
lusca; let them note as nearly as possible the vertical distance 
above or below the nearest seam of coal, and submit the fossils 
to some recognized expert for determination. The result of such 
observations, when collected, would prove most useful and of 
great value to all engaged in the coal-mining industry as well as 
to the general geological student. 

Whilst engaged as resident engineer, a few years ago, in 
sinking a deep puddle-trench for a reservoir, he (Mr. Baldwin) 
encountered three thin coal-seams associated with a marine band 
containing Goniatitcs, Orthoeeras, Pterinopecten, etc. He was 
thus able to refer the coals to the Holcombe or Brooksbottoms 
seams of the late Mr. E. W. Binney and consequently recognize 
their position in the Third Millstone Grit series; and by these 
means, he had recognized the same seams at various places since. 
At Cheesden, on the same horizon, large calcareous nodules 
occurred, such as overlay the Bullion mine or Upper Foot of 
Lancashire; and, in some of these, the writer believed that he- 
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had recognized Glyphioceras paueilohum (Phillips). The marine 
horizon above the Bullion mine of Lancashire had been well 
established by iihQ late Mr. E. W. Binney, Prof. Edward Hull, 
and others, and he (Mr. Baldwin) had used it over large areas. 
He had, in company with Messrs. W. H. Sutclifle and W. A. 
Parker, recognized the following fauna at Shore, near Little- 
borough. This list was, however, incomplete: — Posidoniella 
Icsvis (Brown), P. subquadrata (Hind), and P. sulcata (Hind); 
Pterinopecten papyraceus ; Codonautilus sp. ; Orthoceras cinetum 
(de Koninck), 0. obtusum (Brown), 0. Browni and 0. suhsulcatum ; 
Glyphioceras reticulaturn (Phillips) ; Dimorphoceras Gilbertsoni 
(Phillips) ; and Gastrioceras carbonarium (L. von Buch), and G. 
Listeri (Martin). A very similar assemblage holds good for 
Starring, Deamley, Dulesgate and Besom Hill, near Shaw. About 
135 feet above the Arley mine at Sparth, near Rochdale,* he (Mr. 
Baldwin) had found Carbonicola acuta in large numbers associated 
with C. turgida (not common) and C robusta (rare); and 
Naiadites modiolaris, N. triangularis, N. carinata and N. elongata. 
These were accompanied by that wonderful collection of Arthro- 
pods discovered last year by Mr. W. A. Parker and exhibited 
and described by Dr. Henry Woodward at the meeting of the 
British Association for the Advancement of Science held at 
York. He (Mr. Baldwin) asked whether any Arthropoda had 
been found at or about this horizon above the Cockshead coal- 
seam of North Staffordshire. In his opinion, this horizon oug'ht 
to be watched at many localities, as well in Yorkshire, as in 
Nottinghamshire, Lancashire and in Noi-th Staffordshire. 

Mr. Joseph Dickinson, F.G.S., wrote requesting that the 
name of the coal-seam with which the well-known fossil-horizon 
occurred in the Lower series of the Lancashire coal-field, might 
be corrected in the present paper.t It was erroneously called 
the Upper Mountain instead of the Upper Foot coal-seam : the 
Upper Mountain being a seam higher in the series than the 
Upper Foot seam. In East Lancashire, this well-marked horizon 

♦ " Notes on the PalsBontology of Sparth Bottoms, Rochdale," by Mr. W 
Baldwin, Transactions of the Rochdale Literary ami Scientific Society, 1903-1905, 
vol. viii., page S2 ; and ** Bellinunis bellulus from Sparth, Rochdale," by Mr. 
W. Baldwin, Transactions of the Manchester Geological and Mining Society, 
1903, vol. xxviii, page 198. 

t Trans, M, O. M. 8,, 1905,' vol. zxiz., page 329, Lancashire coal-field, para- 
graph (d). 

10 
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continued over and with the Foot coal alone. But in North 
Lancashire, the Foot coal dipped down to the Gannister coal, and 
the two together formed the Four-feet Mountain mine in North 
Lancashire. 

Mr. J. T. Stobbs accepted the correction concerning the use 
of the name Upper Foot instead of Upper Mountain mine 
printed in his paper. Referring to Mr. Rushton's remarks, he 
said that he would like to know whether it had been actually 
demonstrated that the Wigan Nine-feet seam was the Trencher- 
bone seam. He appreciated Mr. OUerenshaw's reference to the 
necessity of having some more reliable guide to the nature of 
coal-seams than the lithological features that had hitherto been 
so much trusted by mining engineers. 

The President (Mr. Charles Pilkington) suggested that a 
committee of the members should be formed to carry on these 
investigations. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

Held in the Rooms of the Sogiktt, Queen's Chambers, 

5, John Dalton Street, Manchester, 

February I2th, 1907. 



Mr. CHARLES PILKINGTON, President, in the Chair. 



The following gentlemen were elected, having been pre- 
viously nominated: — 

Member — 
Mr. Henry Batson Beales, Mechanical and Electrical Engineer, 64, Cross 
Street, Manchester. 

Associate Member — 
Mr. Friedrich Schember, 9 Liechtenstrasse, Vienna. 



DISCUSSION OF MR. OTTO SIMONIS' PAPER ON 
"LIQUID AIR AND ITS USE IN RESCUE- 
APPARATUS."* 

Mr. Otto Simonis (London) demonstrated and explained the 
aerolith, a liquid-air rescue-apparatus. He (Mr. Otto Simonis) 
was not a mining engineer, but a fire engineer; and it was for 
the purpose of combating smoke that the apparatus was first 
designed. The apparatus was now used at Baron Rothschild's 
coal-mines in Austria, and by the London Fire Brigade. At 
Baron Rothschild's mines, a plant had been installed at a cost 
of £1,400 for the production of liquid air; about 5 gallons 
per hour were made, and in addition compressed oxygen was 
produced with the same plant. This plant proved to be not too 
big, as they had found employment for the liquid air in a variety 
of ways. 

The Peesident (Mr. Charles Pilkington) expressed the fear 
that the aerolith apparatus would easily get damaged when 
• Trans. Intt. M. E., 1906, vol. xxxii., page 534. 
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worn on the back; because, in a mine after an explosion, the 
wearer would have to crawl on his hands and knees, and the 
knapsack or bag would be rubbed against the roof. He sug- 
gested that the clock, placed at the top, and intended to warn 
the wearer when the stock of liquid air was nearly exhausted, 
might be placed, if possible, in a less exposed position. 

Mr. Otto Simonis replied tbat the bag was not an essential 
part of the apparatus, as it could be removed, and the apparatus 
would still work efficiently. He, however, preferred to use the 
bag, as it afforded an auxiliary reservoir for extraordinary cases. 
The man who was using the apparatus would become aware in 
due time of his danger, by feeling the bag and by the diminution 
of the volume of air passing through his lungs. 

Mr. John Gebrard (H.M. Inspector of Mines) asked what 
quantity of air was left in the knapsack after the clock had 
given warning. 

Mr. Otto Simonis said that the wearer could set the clock 
to give warning when the supply was half done, or when it 
would be exhausted in another half-hour. Bottles filled with 
liquid air could be taken into the mine and kept .there for use 
in emergencies. 

The President (Mr. Charles Pilkington) said that he had 
seen many appliances designed for rescue-purposes. He was 
a member of a committee which had to deal with this particular 
subject, and there were possibilities in this apparatus that, in 
his view, were almost better than anything else he had seen. 
He was favourably impressed with it, but he wanted to see it 
tested in rough work. The aerolith apparatus was very much 
lighter than other kinds, and he hoped to see it severely 
tested at one of the rescue-stations. He thanked Mr. Simonis, on 
behalf of the members, for giving this demonstration of its use. 

Mr. George H. Winstanley, in moving a vote of thanks to 
Mr. Simonis, said that he had for a long time taken a deep 
interest in the question of rescue-apparatus and read a paper 
ten years ago before the Society in which, curiously enough, he 
strongly advocated the establishment of properly-equipped 
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rescue-stations throughout the coal-fields of Great Britain.* The 
aerolith apparatus struck him as having features which strongly 
recommended it as a practical appliance. The great difFerence 
between it and many other appliances was its simplicity. The diffi- 
culty hitherto had been to dispose satisfactorily of the carbon 
dioxide, which tended to increase in quantity in the initial 
volume of air that was breathed over and over again with 
additions of oxygen. In this apparatus no attempt was made to 
breathe the same air again ; a great advanta^ge would be found, 
too, in the easily portable character of the bottles of liquid air 
as against the large steel cylinders of oxygen for replenishing 
the apparatus in actual use. The former (the bottles of liquid air) 
could more easily be taken into the mine, and carried forward to 
some convenient place for the purpose of replenishing the knap- 
sack when necessary ; and consequently the rescue-party could 
carry on their work for a longer period, with less anxiety as to 
their supply of respirable air. 

Mr. John Gerrard (H.M. Inspector of Mines), in seconding 
the motion, said that he was not going to commit himself to 
anything more, than to say that, theoretically, the aerolith 
apparatus appeared to have advantages over the oxygen principle 
on which other systems depended. He preferred to wait, before 
pronouncing a definite judgment, until the apparatus had been 
tested at one of the rescue-stations ; and he sincerely hoped that, 
before very long, they would have a station in Lancashire where 
they could prove whether this apparatus was practicable or not. 
Their President was the chairman of the committee that was 
working for this end, and it was very desirable that its labours 
should soon be successful. He thought that such an appliance as 
this might be useful in dealing with underground fires. He held 
very strongly that there was a field for such apparatus. For- 
tunately, they did not now have in Lancashire disastrous explo- 
sions ; but they were constantly having to deal with underground 
fires, and they had had, in the last few years, several disastrous 
underground fires which had been most difiioult indeed to deal 
with. It seemed to him that, apart from explosions, there was 
a field for the use of these appliances in dealing with the extinc- 

• TraiMOctiowi of the Manchtnter OeoiogiccU and Alining Society^ 1 W, vol. 
XXV., page 14S. 
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tion of underground fires. He was sure thiat they were all very 
grateful to Mr. Simouis for coming to MaiLchester, and giving 
to the Society so full an explantion, because the people of 
Lancashire liked to be in the van of progress. 

The motion was cordially adopted. 

Mr. Otto Simonis said that he did not claim that his apparatus 
was perfect in every detail, such as the type of mouthpiece, etc., 
and therefore he welcomed any suggestions. He had always held 
that the rescue^ppliances hitherto in use possessed drawbacks 
which were absolutely against them from a practical point of 
view. The weight and complication were fatal disadvantages, 
independently of the fact that there were certain dangers in the 
use of oaustic soda and other chemicals. 



Mr. Thomas H. Wordsworth read the following paper on 
"Cage-lowering Tables at New Moss Colliery": — 
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CAGE-LOWERING TABLES AT NEW MOSS COLLIERY. 



By T. H. WORDSWORTH. 



When pits were shallow Bnd only single-decked cages were in 
use, there was no need for cage-lowering tables; but, as they 
became deeper, the extra length of time spent in winding, coupled 
with the great weight of the rope compared with the load lifted, 
led colliery owners to adopt larger cages. As the size of the pits 
rendered it impossible to put more tubs on a deck, cages with 
two, three, four and up to six decks were used. 

Where two-decked cages only are used, duplicate landings 
may be put in both at the surface and underground, and a 
double set of men may be employed ; and this reduces the period 
of decking to a minimum. In other cases, keps are put in at the 
pit-bottom; and, by carefully adjusting the ropes, the tubs for 
each deck are changed simultaneously at the top and the bottom. 
This system has the disadvantage that, if any hindrance takes 
place at the top or bottom of the shaft, both sets of men are 
stopped and the length of time occupied in changing is con- 
siderably increased ; besides which, the engineman needs a signal 
from the top and bottom for each deck, and, should he slightly 
overrun, the cage is likely to be damaged. 

The first cage-lowering table seen by the writer was at the 
West Riding collieries, Normanton, although he believes that 
they were originally used in Lancashire. The table in use at 
the West Riding colliery was balanced by weights hanging in 
a small pit, half of these being hung on the end of the rope and 
the other half supported on a stage, so that they were picked up 
after loading the second deck of a four-decked cage. The use 
of these supplementary weights, whilst reducing the necessary 
brake-power, caused complications when winding men, and it 
wa« only possible to ride men on two of the decks. 

The tables now in use at New Moss colliery have been 
evolved from this : they are so arranged that it is possible to lower 
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the empty cage and table, and in this way men can ride on all 
the decks. The balance-weights have been taken out of the 
pit and put in sight. The apparatus may be divided into three 
parts: — (1) The table on which the cages alight; (2) the brake- 
arrangement for giving the hooker-on control of the tackle ; and 
(3) the balance-weights for bringing back the table when the 
cage is lifted from the bottom. 

The table is built of steel joists and channels (figs. 1 and 2, 
plate vi.). The main frame of the table, A, is formed of two 
main longitudinal joists, a and 6, 13 feet 3 inches in length, 9 
inches deep, 4 inches wide and \ inch thick, connected at each 
end by two cross joists, c, d, e and /", of the same section, trimmed 
in and secured by steel angle-irons and rivets, 18 inches from 
the end. This frame is further strengthened in the centre 
by steel channel-irons, g and A, 3^ inches wide and 9 inches 
deep, placed back to back ; and four short joists, i, j, h and Z, 
trimmed into these and the end joists form the opening for 
the balance-rope. There are also four short channel-iron 
distance-pieces, wi, n, o and p. Four battens, g, r, s and U 
12 inches wide and 3 inches deep are placed longitudinally on 
this table, so as to form a cushion between the steel cage and 
the steel table and save wear on the bottom of the cages. 

The table. A, is carried by two steel-wire ropes, B and C, 1\ 
inches in diameter, passing over two pulleys, D and E, 4 feet in 
diameter, resting on girders running across the pit-bottom. The 
attachment between the table and the ropes has been arranged 
so that, by taking out two pins, u and v or w and x, at either 
end of the table, it can be slung from the other rope and hung 
clear of the cages. In case of cleaning out the sump or of 
changing the weights, F and G, on the end of the conductors, 
H, or for any work done below the table, this is a great 
advantage. 

The other ends of the ropes, B and C, after passing round two 
surge-wheels, I and J, 4 feet in diameter (similar to endless- 
rope haulage-wheels), and over two pulleys, K and L, 4 feet in 
diameter, placed about 20 feet above the floor, are attached to 
steel balance-boxes, M and N, built of angle-irons (3 inches 
wide, 3 inches deep and i inch thick) and plates i inch thick. 
The attachment is made by short sockets, a, with pins, 6, passing 
through cross bars, c, inside the boxes. These boxes are filled 
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with small scrap-iron, such as chain, bolts, etc., and run in angle- 
iron slides, d, €, f and g. 

The brake-wheel, 0, 6 feet in diameter and 9 inches wide on 
the face, together with the two surge-wheels, I and J, is keyed 
on to a shaft, P, 6 inches in diameter, supported by six pedestals, 
a, 6, Cf d, e and f. The brake is of the double-post pattern, with 
compound levers, ai, cdy de, fg^ ghi, hj, il and i/, the leverage 
being about 400 to 1; and wooden brake-blocks, m and n, are 
used, as they have been found to give the best results. The 
weight of the levers is balanced by a weight, g, attached to a 
chain, passing over the pulley, p. 

In working, the winding-engineman drops the cage, Q, on 
. the table. A, which is then in the top position, and at the same 
time puts the top cage on the keps at the surface. The tubs are 
then changed in the bottom-deck, and, when the brake-lever is 
lifted, the weight of the cage, Q, is sufficient to overcome the 
balance-weights. The hooker-on is then able to stop the cage, 
with the brake, when the second deck comes level with the land- 
ing-plates ; and, so on, until all the decks are loaded and the 
cage and the table are in the position shown in fig. 2 (plate vi.). 
In this way, by having a small amount of chase or slack on the 
winding-rope, the hooker-on at the bottom of the shaft is enabled 
to change his tubs practically as quickly as the change is made 
on the surface, and no signal is necessary until all the decks are 
changed and the cage is ready for sending to the surface. 

After the cage leaves the bottom, the table is brought back 
to the top position by the balance-weights. 

Too much chase or slack, however, should not be allowed on 
the winding-rope, as this is objectionable when picking up, and 
there is also a danger of the detaching-hook coming on the cage- 
top or down the cage-side, should there be any delay in changing 
the tube at the pit-bottom. This difficulty may be overcome by 
using ca^e-chains, 10 to 12 feet long; and, with decks only 4 
feet deep, it is then possible for the surface-man to deck the 
whole of the decks of the cage before the detaching-hook 
falls over the cage-side. On one occasion, when there was too 
much chase or slack on the rope, the detaching-hook became 
twisted in the cage-chains, and sheared the copper pin instead of 
lifting;* the cage from the bottom. 
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Old winding-ropes may be used for working the tables, but 
experience will show, in each case, whether this is the better 
policy. The writer prefers to use a special flexible rope, as it 
reduces the liability to stoppage during working hours ; and one 
rope will last three or four years. In cases of overwinding, the 
table has the advantage that the shock to the bottom cage is 
considerably reduced. If men were in the cage there would 
be less liability of their being injured ; and it has also been found 
that the life of the cages is considerably lengthened. 

In case of accident or breakdown of any portion of the tackle, 
the table can be placed in the bottom position, as shown in 
fig. 2 (plate vi.) and winding continued until the end of the 
shift or such time as the repairs can be finished. But if the pit 
has been previously fully occupied in winding, the reduction of 
the output would vary from 10 to 20 per cent. 

It is not suggested that cage-lowering tables should take the 
place of hydraulic decking-cages, with simultaneous changing 
for all decks, but there are many instances in faulted and steep 
districts or thin seams, where it is practically impossible to get 
sufficient coal to the pit-bottom to keep the winding-engine 
working full time and so afford a return on the capital neces- 
sary to instal hydraulic decking-plant. The writer is of opinion 
that, where three or four decks are used and the output does not 
warrant an expenditure on simultaneous changing plant with 
balance-cages, the cage-lowering table is the best means of 
dealing with three or four decked cages, especially if a spiral 
drum be used, as it reduces the number of signals to a minimum 
and leaves the top and bottom of the shaft practically 
independent of each other. 



The President (Mr. Charles Pilkington) expressed the obli- 
gation of the members to Mr. Wordsworth for his paper and the 
accompanying drawings. It was, no doubt, an important 
apparatus that Mr. Wordsworth had described, and one that 
saved a great deal of time in decking. There were several 
appliances, very similar in character, in use at the Clifton and 
Kersley collieries, with which he himself was associated ; but in 
the latter case a chain was used, instead of a rope. 
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Mr. Qeobge B. Hahrison (H.M. Inspector of Mines), in mov- 
ing ihat the thanks of the members be accorded to Mr. 
Wordsworth, stated that he did not remember having seen an 
apparatus like the one described by Mr. Wordsworth be.fore he 
came to Lancashire, where, at some pits, there were as many as 
six decks in the cages, and this apparatus afforded great advan- 
tages, particularly to the engineman, who was thereby relieved 
of a great strain. 

Mr. G. H. WiNSTANLEY, in seconding the motion, remarked 
that the apparatus described by Mr. Wordsworth included new 
details and improvements, which had considerably enhanced the 
▼alue and interest of his paper. The members present had been 
interested, and the drawings clearly demonstrated the advan- 
tages of the apparatus. 

Mr. T. H. WoEDSWOETH said that, if the winding-ropes were 
properly adjusted, there was no trouble with them. 

The motion was cordially adopted. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

Held In the Rooms of thb Sogixty, Quxsn's Chambers, 

5, John Dalton Street, Manchester, 

March 12rH, 1907. 



Mr. CHARLES PILKINOTON, President, in the Chair. 



The following gentlemen were elected, having been previously 
nominated : — 

Members— 
Mr. Tom Stone, Mining Engineer, The Collieries, Gamwood, near Wigan. 
Mr. Percy Houston Swann Watson, Mining Engineer, 11, Trafalgar Square, 
Ashton.under-Lyne. 

Associate— 
Mr. John Gallitord, Colliery Manager, 479, BSdge Lane, Droylsden. 

Student— 
Mr. H. Haroreaves Bolton, Jun., High Brake, Accrington. 



DISCUSSION OF MR. W. E. GABFORTH'S PAPER ON " A 
NEW APPARATUS FOR RESCUE.WORK IN MINES."* 

The President (Mr. Charles Pilkington) said that the com- 
mittee, entrusted with the work of fitting up a station, near 
Tyldesley, for rescue-apparatus and for teaching men how to use 
it, would start operations at once, and he hoped that six months 
hence there would be a place connected with the collieries of 
the district, where mining engineers and others could see rescue- 
apparatus at work and be trained in its use, or to which they 
could send their men to be trained. 

Mr. W. E. Garforth gave a demonstration of the working 
of the Weg apparatus. He would have preferred that the 
members had attended at Altofts to see the apparatus in use in 

* Trans. Irut. M. E., 1906, vol. xxxL, page 625 ; and vol. xxziii, page 180. 
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the experimental gallery, under conditions which approximated 
as nearly as possible to those found in a mine after an explo- 
sion — as regarded damaged roadways, contracted passages and a 
noxious atmosphere. He had been engaged on the work of the 
life-saving apparatus for many years, and still considered that it 
could be improved. The supply of oxygen was sufficient for 2^ 
hours, if the wearer were undergoing exertion, or enough for 6 
hours when the wearer was resting. The purifier contained about 
2J pounds of caustic potash and caustic soda, which absorbed -the 
carbon dioxide given off by the person wearing the apparatus. 
The apparatus had been made entirely at the colliery, but when 
it was put into the hands of a surgical-instrument maker he 
apprehended that the weight, at present 30 pounds, would be 
materially reduced. The apparatus did not interfere with the 
hearing of the wearer, and the goggles over the eyes could be 
removed (when advisable) without interfering with the other parts 
of the apparatus. As only a small portion of the head was 
covered, perspiration was as far as possible unchecked. 

Mr. Joseph Dickinson said that had Mr. Garforth carried 
his history of rescue-appliances 13 years prior to Sir Henry 
T. De la Beche and Dr. Lyon Playfair's invention, it would 
have comprized one on a similar basis for which 50 guineas and 
a silver medal was presented by the Society of Arts and the 
Royal bounty of £100 by King George IV.* The inventor 
was Mr. John Roberts (of Fpton-and-Roberts safety -lamp fame). 
The apparatus consisted of a mask, with goggles and inhaling 
arrangements through the interstices of a sponge immersed in 
varied saturated solutions of lime-water, chloride of lime, caustic 
soda, and sometimes pure water, according to the impurity likely 
to be met with. The expired air was not passed through the 
inhalator. 

Personally, the only breathing-appliance used by himself 
(Mr. Dickinson) on many explorations in foul air was the 1846 
•bag of Glauber salts and lime. The mine was on fire, follow- 
ing an explosion in 1851, and Mr. Goldsworthy Gurney's treat- 
ment with the fumes from burning coke, salt, and sulphur had 

• ** Apparatus to enable Persons to breathe in Thick Smoke, or in Air 
loaded with Suffocating Vapours," by Mr. John Roberts, Tran.<(i4'fwvs of the 
Society of Arts, 1825, vol. xliii., page 25 and plate i. ; and Jit /tort from the Select 
Commit tte on Accidents in Mines, 1835, page 262. 
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failed to extinguish the conflagration. The bags with the mix^ 
ture were used for some hours, most of the explorers being sick; 
and eventually the bags were discarded, and the fire was 
approached in the old-fashioned way. 

Rescue-apparatus were now available of better form, and 
possibly some such might have saved some time ; but the 
saving would probably have been less than some persons might 
suppose. On such orcasions, when survivors might possibly 
be rescued or valuable property saved, advances were made which 
under ordinary circumstances would be inexcusable. Dormant 
side-accumulations of foul air were then passed by, and left for 
future clearance. Exploration also followed underneath smoke 
and gas to close a hole in a blown-out stopping, and close touch 
was kept with the advancing air-column. In front of this, among 
debris, it would often be imprudent for apparatus-men to advance 
far. The common tests for gas — elongated flame and blue cap 
for fire-damp, dulled flame or extinction for black-damp, sensitive 
creepings for after-damp and white-damp — did not delay much, 
and with practice and care were reliable. The good results 
occurring from the lessening number of fire-damp explosions 
were it seemed so diminishing opportunities for re-entering that 
special education was now suggested ; consisting of the establish- 
ment of central training-stations with rescu^appaiatus and a 
practi sing-gallery, which deserved favourable consideration. 

Mr. W. E. Garforth pointed out that the apparatus would 
be considerably lightened if it were charged to last a man for 
only an hour. He asked Mr. Dickinson to say, from his un- 
equalled experience in rescue-work, if at times he had not found 
it of the utmost advantage for a man to be able to get as soon 
as possible into a pit when an explosion had occurred in order to 
ascertain the state of affairs underground. He did not hesitate 
to say that five men, who had been trained in the gallery in 
the use of this apparatus, could go into the most noxious atmo- 
sphere, and give relief to men who might be suffering. He held 
that if they could only save one life, it was worth all the trouble 
that he had taken in perfecting the Weg apparatus. With this 
apparatus a man would also be able to travel a certain distance, 
in order to ascertain if any part of the mine was on fire. On the 
occasion of an explosion at Altofts colliery, a fortnight was lost- 
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before they were able to reach a certain point where a fire was 
discovered ; but with this apparatus they migkt have discovered 
the fire on the second day, instead of suffering great risks and 
anxiety actually incurred. 

The President (Mr. Charles Pilkington) said that he was in 
favour of rescue-apparatus being provided, but there was a diffi- 
culty in the matter of weight. Thirty pounds was a great* 
weight for a man to carry a long distance. As to the general 
utility of rescue-appliances, it had been stated that no lives 
were saved through their instrumentality after the Courrieres 
explosion ; but it must be remembered that there were no appar- 
atus in the district at the time of the disaster. 

Mr. John Gerrabd said that occasionally the need arose, in 
exploring mines after explosions and in connection with fires, 
to use all the appliances that science and experience had sug- 
gested : thus mice and birds, by reason of their greater suscepti- 
bility to carbon monoxide, gave early intimation of its presence. 
The statement that rescue-apparatus failed at the Courrieres 
mines, he emphatically declared, was most unfair, as the rescue- 
apparatus had not a chance to save life. It was perfectly true that 
men came out of the pit alive after Mr. G. A. Meyer arrived at 
the Courrieres collieries, but everybody at that time firmly be- 
lieved that there was not a living man in the pit, and everybody 
acted on that assumption. He (Mr. Gerrard) thought that Mr. 
Garforth was deserving of all praise for his persistent efforts 
to perfect this apparatus. Fortunately, Lancashire had been 
spared disastrous explosions of recent years ; but not infrequently 
trouble had arisen* through fires which might much sooner 
have been extinguished, if such an apparatus as that which Mr. 
Garforth had designed had been available for use. Life also 
would have been saved. In connection with fires, there was, 
he was persuaded, a big field for tiie use of this kind of appar- 
atus in Lancashire. He was hoping that before long they 
would have a rescue-station in Lancashire, where men could 
accustom themselves to the use of these appliances. He (Mr. 
Gerrard) raised the question of what could be done in the 
event of a man equipped for rescue-purposes passing through 
foul air to a place where the air was tolerable and finding men 
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alive there. Mr. G. A. Meyer had made a supplementary appar- 
atus to bring out men in such eases. He moved that the best 
thanks of the members be given to Mr. Garforth. 

Mr. John Gallifoed seconded the motion, which was 
cordially approved. 



Mr. John Gallifoed read a paper on " A New Reflector for 
Safety-lamps." The reflector, made of aluminium, 5 inches in 
diameter, can be fitted, above or below the standards or poles 
protecting the glass of a Clanny type of safety-lamp, by means 
of a spring clip or a bayonet joint. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING 

Hkld is thr Rooms of the Society, Queen's Chambers, 

5, John Dalton Street, Manchesteb, 

April 9th, 1907. 



Mr. CHARLES PILKINGTON, President, in the Chair. 



The following gentlemen were elected, having been previously 
nominated : — 

Member - 
Mr. Willtam Oldfield, Mining Engineer, West View, Minaterley, Shropshire. 

Associate— 
Mr. George Reynolds Wynne, Hope Cottage, Tarvin Road, Chester. 



Mr. W. H. Coleman read the following paper on " The Cook 
Calorimetric Bomb " : — 
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THE COOK CALORIMETRIC BOMB. 



By W. H. COLEMAN. 



Introduction, — In bringing this new pattern of bomb calori- 
meter before your notice, it is necessary to preface the descrip- 
tion with a few words on fuel- valuation. 

This subject may be divided into three heads : — (1) Sampling 
the fuel ; (2) determining its calorific value ; and (3) comparing 
different fuels, so as to find out which will serve the purpose in 
hand most economically. 

(1) Tfie Sample, — The chief difliculty in the way of deter- 
mining the calorific value of a fuel is the fact that it is not at all 
easy to obtain an average sample. Unless the sample is what it 
professes to be, that is, of the same composition as that of the 
whole bulk of the fuel under examination, it is useless to waste 
time and money in making elaborate calorimetric determina- 
tions. If the sample is to represent a seam of coal, several 
freshly hand-cut portions should be taken from different parts 
of the seam ; taking care that a strip is cut from a fresh face from 
top to bottom of the seam and that it contains everything, 
whether coal or dross, that would be sent to the surface as coal, 
and nothing else. 

If the sample represents a delivery of a particular quality 
of coal, then a truck or a cart-load should be selected at random 
from a number of freshly-filled trucks or carts. Special care 
should be taken that the loads are average ordinary loads, which 
have been filled for delivery, without any attempt to pick the 
quality. The whole load should be tipped, well mixed, and quar- 
tered down until a sample of about 1 hundredweight is obtained. 
Great care must be taken that this contains the right proportions 
of large, small and fine coal. The sample should then be either 
put through a stone-breaker, or ground roughly in a mortar-mill. 
It should then be again quartered, until a sample weighing 2 
or 3 pounds is obtained. This must then be ground in a suit- 
able mill to a moderately fine granular powder. It is necessary, 
when determining the moisture in a coal, to be sure that it is 
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not too finely ground, and it should be bottled at once. The 
sampling, grinding, etc., should be quickly done, so that the 
coal may not lose moisture. 

(2) The Calorific Value. — Three ways ofEer themselves for 
determining the calorific value of a fuel : — (1) An ultimate analysis 
of the coal may be made, and its theoretical calorific value 
may be obtained by calculation. This method, though accurate, 
takes a considerable time and requires the services of an expert 




Fig. 1. — The Cook Calobimetric Bomb. 

chemist. (2) The moisture, ash, volatile matter and fixed car- 
bon may be estimated, and the calorific value calculated from one 
of the numerous formalae given by different authorities. This 
method is simple, and can be carried out by an average intelli- 
gent laboratory-assistant; but the results, though useful in 
checking deliveries, the calorific value of which has been deter- 
mined by the first method from a previous sample-delivery, are 
not sufficiently accurate to discriminate between several different 
qualities of coal. (3) The actual calorific value may be deter- 
mined by means of a calorimeter. 
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In principle, all calorimeters depend upon burning a weighed 
quantity of coal and observing the rise in temperature imparted 
to a known quantity of water by the heat given out during the 
complete combustion of the fuel. Several forms of calorimeters 
have been proposed. 

(a) Lewis-Thompson Calorimeter, — In this instrument, the 
weighed sample of coal is mixed with potassium chlorate or some 
other oxygen-carrying body and burnt in a bell- jar immersed in 
water contained in the calorimeter. 

The products of combustion bubble up- , _J 

wards through the water, to which they 
communicate their heat. 

(6) William'Thomson, Fischer anil 
Varling Calorimeters. — These calorime- 
ters are all modifications of a similar 
principle. The coal is burnt in a 
crucible placed in a bell- jar immersed 
in water in the calorimeter. It is not 
mixed with any oxygen-carrying ma- 
terial, but a stream of oxygen is caused 
to pass into the bell- jar. The products 
of combustion escape, as in the first- 
mentioned apparatus. In the Fischer 
calorimeter, the gases pass through a 
special chamber. 

(c) Parr Calorimeter, — In this ap- 
paratus, the weighed coal is mixed with 
sodium peroxide, which serves to supply 
the oxygen necessary for combustion, 
and the caustic soda produced absorbs 
and combines with the carbon dioxide 
given ofE by the burning fuel. The mix- 
ture is placed in a closed metal chamber 
immersed in the water of the calorimeter, and ignited. 

(d) Berthelot' Mahler Bomb. — In the new modification of this 
instrument (fig. 1), the w^eighed sample of coal is placed in a 
platinum crucible, G, which is then placed on the wire support- 
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ing ring, H (fig. 2). In order to ignite the eoal, a fine platinum 
wire, I, is connected to the supporting ring, H, and to the other 
wire, J, depending from the cover. The latter, carrying the 
crucible, is gently lowered into the bomb and screwed up tightly. 
Oxygen, under pressure, is then admitted to the bomb until the 
gauge registers a pressure of about 21 atmospheres. The valve, 
A, is then shut, and the oxygen-cylinder is disconnected. The 
bomb is then carefully lowered into the copper calorimeter vessel, 
into which about 2 litres of water, slightly below the temperature 
of the room, is poured ; and the wires of the battery are con- 
nected to the bomb, at E and K, the circuit being open. This 
vessel stands in another double-walled copper vessel filled with 
water at the room-temperature, and surrounded by felt to prevent 
loss or gain of heat from surrounding objects. 

The agitator is set to work, and the rise in temperature of 
the water is observed ; and, when this is constant, the circuit is 
closed, and the coal is burnt. The temperature of the water 
rises, and the maximum point is noted. Then the increase in 
the temperature of the water in Centigrade degrees, multiplied 
by the weight of the water and the water-equivalent of the appar- 
atus, givee the number of calories evolved by the combustion 
of the weight of coal taken. K 1 gramme had been taken, then 
this number represents the calorific value in calories ; and if not, 
then the figure is divided by the weight of coal taken. The 
calories multiplied by 1*8 give the British thermal units per 
pound of coal. The evaporative power of the fuel from and at 
212^ Fahr. is obtained by dividing the calorific value, expressed 
in British thermal units per pound by the number, 966, repre- 
senting the latent heat of vaporization of water in Fahrenheit 
units. Several forms of this calorimeter have been proposed: — 
The original Mahler bomb; the Bryan-Donkin bomb; and the 
Cook-Berthelot-Mahler calorimetric bomb shown in figs. 1 and 2. 

This latter form has several improvements, and has been found 
very satisfactory in use. The chief improvements are the gas- 
valve, A, and the gas-inlet, B. In older forms of the instru- 
ment, the gas entered at the top instead of at the side, and the 
valve had to be slightly loosened to disconnect the copper pres- 
sure-tube. Other minor advantages are the following: — The 
gas-inlet valve does not easily get out of order. The stirring 
arrangements are very simple. The connections have coned 
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joints, C, and do not require washers. The insulation, D, of 
the plug, E, is protected from injury by high temperature at the 
moment of explosion, by a quartz plate, F. Care must be taken 
that the apparatus is tight ; and, to ensure this, the lead-washer 
should be examined to see that it is not burred. 

Several points require a little attention : the coal should be 
dried at a temperature of about 110 Cent. .(230^ Fahr.) ; and 
should be finely powdered, and then made into briquettes with 
the small briquetting machine. 

The water-equivalent of the apparatus is best found by deter- 
mining the calorific value of pure cellulose (4,200 calories) or 
naphthaline (9,692 calories). A correction for cooling ought to 
be made for very accurate experiments.* If, however, the water- 
equivalent of the apparatus is determined by burning naphtha^ 
line, and such a quantity is used as to give about the same rise of 
temperature as the weight of coal taken, this correction may be 
neglected if the determination is only wanted to be within i or 
1 per cent, of the truth. 

It may also be advisable to correct the results for the nitric 
acid and sulphuric acid formed. This can be done by washing 
out the bomb after the experiment, and estimating the quantities 
of nitric acid and sulphuric acid formed. 

The room, in which calorimeter-determinations are made, 
should have a temperature of about 60° Fahr., and the water should 
be about 2° Cent. (4° Fahr.) below the temperature of the room. 

Of course, a calorimetric determination does not tell all there 
is to be known about the suitability of a coal for eoiy particular 
purpose. The length of flame, the qualiiy of the ash (whether 
easily fusible or not), and other factors must be taken into con- 
sideration; but, given several samples of coal, all of which are 
otherwise suitable for the intended use, the most economical coal 
can be selected by the calorimeter. If, from the result of the 
determination, the number of calories obtained for any given 
sum of money be calculated, it is easy to pick out the most 
economical fuel. 

* This is made by observing the rate of the rise of temperature that takes 
place when the bomb is placed in the calorimeter and before the charge is fired, and 
also the rate of the fall of temperature during a similar period of time after the 
maximum temperature has been reached. From these observations, the loss by 
radiation during the experiment can be calculated and a correction applied. 
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At the present day, when every little detail has to be con- 
sidered in order to make a profit, there is no doubt that the coal 
which can be guaranteed to give the best result for the money 
will find the readiest sale. 

Anyone who is desirous of going further into the question 
of valuing fuel may refer to the excellent paper by Mr. J. B. C. 
Kershaw.* 



The President (Mr. Charles Pilkington) thought that the 
instrument was very valuable, and suggested that, when a coal- 
owner wished to ascertain the true value of his coal-seam, or of a 
particular portion of a seam, samples taken from all points of 
the seam should be duly tested in the calorimeter by a competent 
person. 

Mr. Coleman said that a sample of 7 or 8 pounds of coal 
should be sent, broken into nuts, and then the final grinding 
could be done quickly. 

The President asked what allowance was made for ash. 

Mr. Coleman said that no allowance was made for ash in the 
coal, as it would have the same influence in the calorimeter as 
in the furnace. The coal was burnt with pure oxygen. An 
electric current with a pressure of 12 to 20 volts would suffice 
to ignite the charge. 

The President said that the calorimetric bomb was valuable, 
but he thought that it was more for use in the laboratory than at 
a colliery. 

Mr. Sydney A. Smith said that the calorific value of a coal 
could be ascertained by this instrument, but it did not indicate 
the value of the coal as a fuel suitable for a particular purpose ; 
and much depended on the rate of combustion. In a recent 
case, there was a dispute about a shipment of coal. The calorific 
value was excellent, but it could not be burnt, except at a very 
slow rate, in the ordinary grates of water-tube boilers, without 
forced draught. In ascertaining the value of coal as fuel, that 

* *• Kuel Analysis for Steam UBers," by Mr. J. B. C. Kersbaw, The Engineer^ 
1906, vol. cii., pages 314 and 337. 
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poiat must be considered, because the value of a coal for a 
particular purpose depended on the rate of combustion. Some 
coals burnt rapidly, others burned slowly, and yet all might 
have the same calorific value. 

Mr. Coleman admitted that even when the calorific value of a 
coal had been determined, the question as to the coaFs suitability 
for a particular purpose was not settled. But given several 
coals, at different prices, that were suitable as regarded their 
burning qualities, the calorimetric bomb would indicate the one 
that produced the most heat for the least money. The question 
of ash was of the utmost importance in some cases. 

A vote of thanks was accorded to Mr. Coleman for his 
interesting paper. 
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MA^'CHESTEll GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MBETING, 

Hkld in the Rooms of thb Socnerr, Quxkm's Ghambkbs, 

5, John Dalton Stbkbt, Manchkbtkb, 

Mat 14th, 1907- 



Mr. CHARLES PILKINGTON, President, in thb Chair. 



The follow iug gentlemen were elected, haying been previously 
nominated: — 

Mkhbxbs— 
Mr. Alfred Ackroyd, EUentie, Victoria Cresoent, Eccies. 
Mr. Hugh Frank Taylor, Mechanical Engineer, Sandy Croft, near Chester. 
Mr. Thomas Williams, Mining EIngineer, 5, Westbonrne Grove, Hexham. 



Mr. Frederick J. Thompson read the following pap^ on 
*• The Bock-salt Deposits at Preesall, Fleetwood, and the Mining 
Operations Therein " : — 
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THE ROCK-SALT DEPOSITS AT PREESALL, FLEET- 
WOOD, AND THE MINING OPERATIONS THEREIN. 



By FREDK. J. THOMPSON. 



Introducti&n, — This paper is divided into foiir parts, com- 
prizing: — {1) Tlie Mstory and the geology of the rock-fialt 
deposit at Preesall; (2) the method of sinking shafts for 
rock-salt; (3) the methods of mining rock-salt; and (4) a 
description of the Pix^eaall salt-mine worked by the United 
Alkali Company, Limited. 

(1) History and Geology. — The earliest record of any under- 
ground exploration, near Fleetwood, is that of a bore-hole, A 
(fig. 2, plate X.), put down by the Royal Engineers in 1860 in 
search of water for the troops then stationed at Fleetwood, the 
town at that time being entirely dependent on surface-wells for 
its water-supply. This bore-hole was carried to a depth of 559 
feet, the whole of the distance being bored in Keuper marls — 
with the exception of a few feet, near the surface, in the usual 
surface-drift; but no water was found. 

In 1872, the district on the Preesall side of the river Wyre 
was mapped out by a syndicate, with the intention of putting 
down twenty bore-holes in various places in search of iron-ore, 
as it was thought possible that such might exist on the south 
side of Morecambe bay, as well as at Barrow-in-Furness and 
other places on the north side (fig. 1, plate x.). The site ot 
each of these twenty bore-holes was fixed, and some of them were 
bored simultaneously, but the only available records are those 
of Nos. 2, 8, 9 and 17 (fig. 2, plate x.)- Rock-salt was struck 
in No. 2 bore-hole in 1872, and signs of rock-salt in two of the 
others ; and there is no doubt that the discovery of rock-salt 
prevented the completion of the original design of twenty bore- 
holes. 

In 1875, No. 17 bore-hole was put down about | mile to the 
north-east of No. 2 bore-hole in which rock-salt had been struck, 
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and red sandstone was found at a depth, of 45 feet from the sur- 
face. The boring was continued to a total depth of 564 feet from 
the surface, and indicated the existence of an enormous supply 
of fresh water. The map (fig. 1, plate x.) shows the relation 
of Fleetwood on the south side of Morecambe bay to Barrow-in- 
Furness on the north side. All previous geological surveys had 
indicated that the red-sandstone fault was 8 miles eastward of 
the site of No. 17 bore-hole, which had struck sandstone at 
Preesall. The author, in 1906, constructed a geological section 
running east-and-west through the rock-salt deposit, and the 
late Mr. C. E. de Bance expressed the opinion that it was 
substantially correct. A reproduction of this section is shown 
in fig. 3 (plate x.). 

Nothing further was done in the development of the minerals, 
as the state of the salt-trade did not warrant such, except that m 
1885, a shaft around No. 2 bore-hole, which had previously been 
sunk from the surface into the rock-head, was carried still lower 
into the rock-salt bed until the bottom was reached. This shaft 
indicated a total thickness of 340 feet of rock-salt stratified in 
several layers of very good and some of inferior rock-salt and 
marl. 

The general theory amongst geologists as to the origin of the 
various rock-salt deposits found in this country is that, at some 
remote period in the world's history, considerable quantities of 
sea-water had, owing to changes in the earth's surface, been 
separated from the main body of the sea ; and that solar evapora^ 
tion concentrated such bodies of sea-water until salt was 
deposited. This flooding of the same area, happening again and 
again, would account for the deposits of marl and inferior rock- 
salt, which originally would be deposited as mud and salt. It 
is not the author's intention to express any opinion as to this 
theory ; but it is obvious to anyone that salt could not have been 
in solution in searwater, unless it had been dissolved from the 
solid mass in some previous formation. 

Nothing was done in the way of serious development until 
1889, when the reconstructed Fleetwood Salt Company, Limited, 
took over the undertaking, and the author was engaged by them 
to take charge of the development of the salt-beds. The old 
shaft previously mentioned was converted into a shaft for pump- 
ing brine, the small amount of natural brine found in it on the 



Vol. XXX.] ROCK-SALT DEPOSITS AT PEEESALL. 107 

rock-head being augmented by putting water down bore-holes, 
which were bored down to the rock-head at a short distance away 
from the shaft. Salt-works for the evaporation of the brine 
were erected on the Fleetwood side of the river Wyre and were 
connected to the brine-pumping station by a line of pipes, which 
were laid across the estuary of the Wyre (fig. 2, plate x.). It 
is not the author's intention to deal with the question of brine- 
pumping or salt-making, except to state that both operations 
have attained considerable proportions, especially since the erec- 
tion of the Ammonia^soda works at Fleetwood by the United 
Alkali Company, Limited, who acquired the whole of the Fleet- 
wood undertaking from the Fleetwood Salt Company, Limited, 
in 1890. It may be stated at this point that salt was required 
by the company as a raw material in the manufacture of various 
products involving the use of chlorine or sodium. 

(2) Sinking Shafts.— In 1893, the United Alkali Company, 
Limited, decided to sink shafts for the purpose of mining rock- 
salt in a dry state, and they were commenced in that year. 
In sinking shafts for the purpose of mining rock-salt it is neces- 
sary to ensure the absolute exclusion of all water or moisture ; 
as, rock-salt being extremely soluble, great havoc would be 
caused if water were allowed to enter any salt-mine. This must 
be effected, before the rock-salt bed is entered, in carrying down 
the shafts. 

The first stratum passed through was the boulder-clay over- 
lying the Keuper marls, and this was gone through by two tim- 
bered shafts, each 7^ feet square. A considerable amount of 
water was found in various places in sand-beds in the boulder- 
clay, besides enormous boulders, which occupied in some places 
the whole area of the shaft in sinking, and had to be blasted 
before they could be raised to the surface. The boulders were 
mainly of limestone, and many of them showed extraordinarily 
clear ice-markings of the glacial period. 

The Keuper marls were reached with both shafts, which were 
continued until the marls were found in such a condition as to 
afford a safe foundation ; at. these points in each shaft, a brick- 
work foundation was built in with blue bricks and Portland 
cement; and from this foundation, iron tubbing was carried 
to the surface. This tubbing consisted of cast-iron socket^and- 
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spigot pipes, 6 feet in diameter. The space between the back of 
these tubes and the timbering of the shaft was filled with day- 
puddle, and the absolute exclusion of the water was thus effected. 
The shafts were afterwards continued downwards through the 
Eeuper marls to the rock-salt bed, and were stopped, for the 
time being, in a good bed of rock-salt, about 450 feet from the 
surface. 

(3) Mining, — ^As an interval of 50 years had elapsed, prior to 
this, since any rock-salt mine had been opened out, the author 
had no previous personal experience to guide him as to the best 
method of opening out a mine in the shortest possible time. A 
rock-salt mine is different from most mines, owing to the fact 
that it does not consist of a series of passages or ways ; but it is 
only one large excavation or cavern hewn out of the solid rock- 
salt, with solid masses of rock-salt left in at various places for 
the purpose of supporting the roof (fig. 4, plate x.). The usual 
way of opening out such a mine had been to commence enlarg- 
ing the two shafts, around their bottoms, until they met and 
formed one excavation, and afterwards this operation was con- 
tinued all around. This meant that for some time, owing to the 
smallness of the excavation, very few men could be put into the 
work, as blasting operations would render the presence of a 
large number of men undesirable, because of the danger. 

It was ultimately decided to employ a compressed-air tunnel- 
ling-maehine, to drive headings in various directions into the 
rock-salt at as rapid a rate as possible. This machine, supplied 
with air from a compressor stationed on the surface, drove head- 
ings 5i feet in diameter at the rate of 360 feet per week. A 
heading was driven first from one shaft to the other in an 
easterly direction and continued a considerable distance in that 
direction, and afterwards a heading was driven in a westerly 
direction ; and, while so driving in this westerly direction, men 
were put into the eastern heading to widen it out northward and 
southward. Another heading was driven by the machine in a 
northerly direction and other men put into the western heading, 
so that in a very short time thei^ was a considerable area of 
excavation, 6 feet in height. The widening out of the headings 
was done by rotary undercutting machines, worked by com- 
pressed air, and these machines have been retained until this 
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day, four being now at work. The bed of rock-salt that is being 
mined is about 40 feet thick, and it dips in a north-westerly 
direction at the rate of 1 in 3^. 

The rock-salt is mined by making a " roofing," A, 6 feet in 
height at the top of the bed; and the roof thereof afterwards 
fonois the ceiling of the mine (fig. 5, plate x.). The roofing 
is done by machine-undercutting, in lengths of 105 feet — the 
distance between each pillar, the pillars being 60 feet square. 
Rock-salt is much harder to mine than coal, and an ordinary 
coal-undercutter will not touch it. The special undercutting 
machines made for this purpose, undercut to a depth of 2^ feet 
only. 

The roofing lays bare the whole of the lower part of the bed, 
say, 34 feet thick, and this is worked by blasting from the face 
as in open quarry operations. Black gunpowder, in compressed 
cartridges, is used for the purpose of blasting all over the mine. 
The rock-salt, after blasting, is slid down the face to the fioor of 
the mine where it is filled into hoppets, B, trammed to the shaft, 
and wound to the surface in the usual way (fig. 5, plate x.). 

Members who have had any experience of the ordinary rotary 
undercutter, will no doubt be aware that, in undercutting from 
one face to another, the two ends of the cut cannot be touched, 
but have to be got out by other means, as the rotary under- 
cutter will not start at, or finish right to the end of the cut. 
This necessitates getting out the two ends either in advance of 
the out or after the cut has been made by the undercutter. In the 
case of rock-salt mines, it has been found easier to get out these 
ends after the long cut has been made; and, for this purpose, 
IngersoU-Sergeant coal-cutting or punching machines are used. 
These machines are also used in other parts of the mine, where 
the range of cutting is so short that it will not pay to run the 
rotary undercutter. 

It is in the direction of drilling holes for blasting that the 
most rapid strides have been made in advance of the old methods 
employed in Cheshire and elsewhere, and it has been the means 
of great economy over the original methods of drilling holes. 
The original method of drilling holes in rock-salt was by using 
a long bar of iron, steel-pointed at each end, as a jumping drill, 
worked by heoid. By this means one man can drill a hole, 1^ 
inches in diameter and 5 feet deep, 'in about 45 minutes. The 
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author first introduced into salt-mines worm-drills, operated by 
ratchets, worked by hand, the Elliott drill being the most suit- 
able for rock-salt mining owing to the fa^t that the pressure on 
the feed can be regulated by a friction-brake. This is especially 
necessaiy in rock-salt owing to its varying nature, several degrees 
of hardness being gone through in a single hole. Later, com- 
pressed-air motors were applied to the end of the feed-screw of 
these drills, the result being eminently satisfactory, and, at the 
present time, practically the whole of the drilling in the mine is 
done by means of drills driven by compressed-air motors. It »s 
now quite easy for one man to put in a hole 1^ inches in diameter 
and 5 feet deep in 5 minutes, by means of one of these motor- 
driven drills. 

(4) Description of Mine and Plant. — The total thickness of the 
rock-s8tlt bed at the Preesall mines is approximately 380 feet; 
but^ as stated previously, although homogeneous, it contains 
strata of varying quality and only a portion of it is mined. 
There are two levels in the Preesall salt-mine : the floor of the 
upper mine being about 470 feet from the surface, and that of 
the lower mine 900 feet. In opening these mines, a thickness 
of about 40 feet was mined in the upper level; but, some three 
years ago, the shafts were cairied down to the bottom of the 
salt-bed, and it was found that a thickness of about 22 feet of 
rock-salt at the bottom was of very superior quality. At the 
present time, mining operations are confined to thicknesses of 
22 feet in the upper mine and of 22 feet in the lower mine. 

The same winding-engine is used for both mines, a larger 
drum and a longer rope being used for the bottom mine than 
those used for the upper mine, the difference in the weight of the 
load being made up by a balance-weight on the rope of the 
upper mine. Cages are not used in the shafts. There are two 
guide-ropes, EE, in each shaft, and guides, D, are attached 
thereto (fig. 5, plate x.). The rock-salt is loaded in the mine 
into large wooden hoppets, locally called " rock-salt tubs." These 
hoppets, placed on the frame of a bogie, are not attached to it 
in any way, and when fully loaded they contain about 1^ tons 
of rock-salt. They are trucked to the shaft-bottom by the men 
who load them. The empty tub goes down the shaft and is 
placed on a bogie waiting to receive it, the three hanging chains. 
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attached to it, are unhooked and the bogie and the empty tub 
are pushed away ; the bogie and the loaded tub are moved into 
the place of the empty tub, and the three chains are hooked and 
the loaded tub hoisted to the surface. 

There are two systems of signalling, one being electric and 
the other by an ordinary signal-line, pulled by hand, which 
actuates a hammer and gong on the surface. Similar return 
signals are also employed, the one system of signalling being* 
simply a standby for the other in case of failure. 

The dip of the strata necessitates the use of several com- 
pressed-air haulage-engines in the mine. Air for driving the 
haulage-engines, the undercutting machines and the drills, is 
supplied from an air-compressor, fixed on the surface, capable of 
dealing with 2,250 cubic feet of free air per minute. The air 
has a pressure in the mine of about 70 pounds per square inch. 

The upper and lower mines are lighted by electricity ; Cooper- 
Hewitt mercury-vapour lamps have been found extremely 
effective for this purpose; while for general lighting, and in 
other places for local lighting, tantalum-lamps have now taken 
the place of ordinary carbon-filament incandescent lamps. No 
gases of any description are encountered in the rock-salt beds^ 
and natural ventilation is found to be all that is required, 
assisted by the exhaust-air from the various engines. 

The mine is capable of turning out 3,500 tons of rock-salt per 
week, containing an average of 96*5 per cent, of chloride of 
sodium. About one half of the present output is consumed at the 
various works of the United Alkali Company, Limited, at Widnes, 
St. Helens, Runcorn, Flint, Glasgow, Irvine and Bristol. This 
portion of the output is ground by specially designed machinery 
to a fine grain, and it has been the means of ousting higher- 
priced manufactured salt from the various chemical processes of 
the United Alkali Company, Limited. This grinding process is 
peculiar, inasmuch as it mechanically removes the marl-impuri- 
ties contained in rock-salt, these impurities going from the 
screens in the shape of tailings. The grinding machinery is 
capable of reducing 60 tons per hour to the grain of common 
white salt. 

The mine is situated about 1 mile from the estuary of the 
river Wyre at Fleetwood, and there is a railway of standard gauge 
to the Company's pier on the river Wyre, where vessels up to 

15 
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1,500 tons burden can be loaded. A large -percentage of the 
output is shipped direct to the Continent. 

In conclusion, the author expresses his thanks to the direc- 
tors of the United Alkali Company, Limited, for permission to 
give the information respecting their operations contained in 
this paper. 

Specimens of rock-salt of various qualities and colour, and 
also of the Keuper marls, overlying the rock-salt, were produced 
for inspection. 



Prof. W. Boyd Dawkins moved that a vote of thanks be 
tendered to Mr. Thompson for his paper. 

Mr. Joseph Dickinson, in seconding the motion, said that 
Mr. Thompson's paper related to a branch of mining in which he 
(Mr. Dickinson) had been much interested, having in his time 
been in every rock-salt mine in England and Ireland. He had 
been several times in the first shaft sunk at Preesall, and had 
seen the development as now described. The paper gave the 
depth of the two workings in the mine, one under the other, and 
the distance between the supporting pillars, leaving members to 
infer from the section that a suflScient thickness of rock-salt was 
left for roof-strength between the pillars. The height of the 
workings was similar to that of many old mines, but it had been 
greatly exceeded in recent Irish mines, where the dip was about 
the same as at Preesall. Under-cutting or holing by machinery 
hail during many years been successfully used in other rock-salt 
mines. He (Mr. Dickinson) was much impressed with the rapid 
rate at which the mine had recently been extended, and the in- 
crease of brine, by putting water down the bore-holes, from a 
trickle to a large quantity. The quickened opening was explained 
by the altered moile of driving out from the shafts, aided by com- 
pressed-air drilling-machines. In addition to these modifications, 
the impioved dressing apparatus had been mentioned. 

The motion was carritnl unanimously. 

Pn>f. W, Bi>YD Dawkiws (Maurhestvr) said that he had been 
very muoh inten^sted in hearing Mr. Thompson's account of the 
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occurrence of the red Bandstone in the vicinity of the Preesall 
mine. Large quantities of water were always found in the red 
sandstone, where there waa a fault, as in this case, with the red 
marl, which was practically impervious, on one side, and the red 
sandstone on the other. The discovery of rock-salt was extremely 
interesting to him, because it went to prove the existence of a 
salt-field under the sea, between the Isle of Man, and Preesall 
and Barrow in England, and Carrickfergus in Ireland. Some 
years ago he laid before the members an account of the discovery 
of rock-salt in Triassic strata in the boring at the Point of Ayr 
in the Isle of Man, and a thickness of over 70 feet of rock-salt 
was proved. The brine was now pumped and conveyed in pipes 
to Ramsey from the Point of Ayr, and the manufacture of salt, 
on a small scale, had been commenced. The rock-salt round 
the Irish Sea was of very great geological interest. He could 
not help thinking that in remote times there was a great salt- 
basin between the Isle of Man and the Lake country, analogous 
to the great salt-field of Cheshire. 

Mr. John Gerhard (H.M. Inspector of Mines) said that 
geologically it was extremely interesting to note that at Fleet- 
wood, near Barrow, also in the Isle of Man, and again on the 
north-eastern coast of Ireland, rock-salt had been proved. At 
Fleetwood, a bore-hole seeking iron-ore ; at Barrow, in the Isle of 
Man, and at Carrickfergus, the bore-holes were in search of coal. 
The Preesall mine was probably the most productive salt-mine in 
this country, and having seen Mr. Thompson's work at the mine 
he could assure the members that the intelligence which Mr. 
Thompson had displayed in this paper was fully carried out in 
the practical work of the mine. He (Mr. Gerrard) had seen in both 
the upper and lower mines, a band of salt, very ciy stall ine in 
appeamnce, several inches thick; the men stated that this 
guided them in working the salt; and he asked whether this 
band ran generally throughout the proved mine. He also asked 
whether it was a fact, where the very pure, very white rock-salt 
was found, that above or below it, the salt was very impure and 
mixed with marl. And, lastly, in giving the time occupied in 
drilling the holes by machine, did the author include the time 
occupied in fixing and taking down the machine. 

Mr. Thompson replied that the seam of crystalline salt was 
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overlaid b^' G feet of rock-salt and underlaid by 15 feet or 16 feet 
of good rock-salt. This seam was found in the upper as well aa 
in the lower mine, and indicated the direction of the dip. There 
was nothing like it found in Cheshire. An analysis of this seam 
showed that it did not vary from that of the other parts of the 
mine, except that it was uniformly of good quality and contained 
no marl, and was softer than the larger bed of rock-salt. It 
was more like grit, although it was not in any way gritty, and 
the men called it the " gritty seam." 

Mr. Joiix Oerbard asked whether Mr. Thompson had formed 
any theory as to these guiding crystalline bands and their rela- 
tion to the seams around them. 

Mr. Thompson stated that he had not formed any theory as to 
the relation of the crystalline bands; but they were found in 
both the upper and the lower mines, and could be relied upon 
as guides in working the rock-salt. 

Mr. John Qerrabd said that he had been repeatedly asked by 
persons interested in brine and salt production why at Fleetwood 
so large an amount of rock-salt was mined, in addition to the 
pumping of a large quantity of brine. The mechanical arrange- 
ments worked admirably, and the rapid opening-out of the mine, 
under the conditions obtaining in this case, showed that colliery 
engineers had something to learn. It was an instance of the 
advantage of persistent effort in using machinery for opening 
out mines; and he thought that Mr. Thompson would bear him 
out in saj'ing that the first machine tried was not altogether a 
success, as it had to be altered and adapted to the conditions. 

Mr. H. Stanley Athertox asked how it had come to pass 
that these salt-deposits were found so much below the present 
sea-level. He also asked whether in the working of rock-salt it 
was easier to cut in one direction than another. In other words, 
was it similar to working an anthracite-mine, where if the cut 
was made along the lines of crystallization the work was much 
easier, and there was an easier line of cleavage and a much 
better way of cutting. 

The President (Mr. Charles Pilkington) directed attention to 
the supporting shaft-pillars in the Preesall mine, being on a dif- 
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ferent scale from those deemed necessary in coal-mines. He was 
astonished at the rapid progress of the tunnelling-machines : 360 
feet a week being driven in rock-salt that waa harder than coal. 
He wished that such a speed could be secured in coal-mines: 
they could not touch 360 feet a week at the mines that he had to 
do with. He could scarcely believe that rock-salt was harder 
than coal. 

Mr. Thompson stated that the tunnelling-machine was worked 
continuously by three shifts of men, eight hours each. Brine 
and rock-salt were both worked, because both were required by 
the United Alkali Company, Limited. Two processes were 
worked, in one of which salt was required in the shape of brine. 
The rock-salt was mined mainly to supply the salt required at 
the works at Widnes and St. Helens, and a considerable quantity 
was required for export, because rock-salt was admitted at a lower 
rate of duty than manufactured white salt. Brine was raised 
from about ten bore-holes, each one being independent of the 
other, all in the neighbourhood of the Preesall mine. In his 
experience, a bore-hole became useless, after a certain quantity 
of salt had been extracted from it. The original level of the sea 
was not maintained because the land did not retain its level ; 
and there must have been tremendous upheavals at times. 
Cutting was carried on incessantly, and the cut was made across 
the face. 

Prof. W. Boyd Dawkins said that salt was merely the result 
of the evaporation of sea-water. He would expect to find a 
variation in a thick bed of rock-salt like that at Fleetwood, for 
the very simple reason that, in various stages of the evaporation 
of sea-water, different minerals were deposited. It was very 
largely* therefore, a question of the degree of concentration of 
the water from which that salt had come. With regard to the 
present level of the sea, it was quite an accident that rock-salt 
should be in this relation to it in this place, but in the British 
Isles nearly all rock-salt was below sea-level. In the vicissi- 
tudes of time, after the Triassic rocks had been formed in the sea, 
they were thrown into a series of folds, and parts of these folds 
were worn away by denudation; and the salt had been washed 
out of most of them down to sea-level. Consequently, there was 
very little rock-salt in Britain above sea-level. 

16 
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Mr. John Rigby (Winsford) said that rock-salt was found in 
Cheshire above sea-level. 

Prof. Boyd Dawkins asked whether it was known that rock- 
salt occurred above sea-level in any other part of Britain, and 
remarked that this was an exception to the general rule. There 
was a large district near Burton, whence the salt had been dis- 
solved out, leaving the broken and disjointed red marls, and in 
some cases the casts of salt-crystals in the rock, as evidence that 
it was formerly present. 

Mr. Dickinson said that Mr. Thompson gave the geological 
view of rock-salt formation, and refrained from expressing his 
own opinion. Was it not quite possible that the sea obtained 
its salt from the rock-salt, rather than by the reverse process, 
namely, that the salt was the result of the evaporation of sea- 
water ? 

Mr. Thompson thought that it was the accepted theory that 
the earth was gradually cooling down. If they reversed the 
process and assumed that the earth was gradually becoming 
hotter, the water would become steam, and salt would be left. 
The same rule would apply when the earth was cooling down, 
and the last occurrence would be that of steam condensing into 
water. 

Prof. Boyd Dawkins said that the earth was originally in a 
heated condition, like the sun. As it gradually cooled down, it 
would arrive at such a stage that chlorine and sodium would 
combine together in the atmosphere, and a deposit of salt would 
be formed over the surface ; and hydrogen and oxygen combining 
together, would form water. Thus the sea was salt from the very 
beginning. The salt-fields of Britain were all derived directly 
from the evaporation of sea-water. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 

ORDINARY MEETING, 

Hbld IK THB Rooms of thb Socinr, Queen's Ghahbbbs, 

5, John Dauion Stbxxt, Manchxstek, 

June 11th, 1907. 



Mh. GHARLE^ PILKINGTON, President, in the Ghaib. 

The following gentlemen were elected, having been previously 
nominated: — 

Membebs— 
Mr. Qbroobt Rabt, Mining Engineer, Lota Alto, Lota, Ghile, 
Mr. Shebwood Hunter, Mechanical Engineer, 20, Mount Street, Mancheflter. 

DEATH OP MR. MARK STIRRUP. 

Mr. Joseph Dickinson said that the late Mr. Mark Stirrup 
was one of the oldest and most useful of their geological members. 
Mr, Stirrup held the post of honorary secretary of the Society for 
about ten years, and was elected an honorary member in the year 
1904. He (Mr. Dickinson) moved that the members express 
their regret at Mr. Stirrup's death, and that a letter of condolence 
be sent to his relatives. 

Prof. W. Boyd Dawkins, in supporting the proposal, said 
that he experienced great difficulty in speaking about Mr. Stirrup, 
because of the friendship which existed between them. Mr. 
Stirrup was one of his oldest and best friends in Manchester, 
and they made many geological expeditions together, both in this 
country and on the Continent. He (Prof. Boyd Dawkins) felt 
that the Society had suffered a very great loss. Mr. Stirrup was 
a very high type of a man, and he did not think that any man 
could make him swerve in the slightest degree from what he 
considered to be the truth. He died in the fullness of years, 
and had left his mark on the science of his time. 

The motion was adopted in silence: the members standing. 



Mr. G. G. L. Peeece read the following paper on " Recent 
Improvements in the Design of Electric Cables for Col- 
lieries '*: — 
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RECENT IMPROVEMENTS IN THE DESIGN OF 
ELECTRIC CABLES FOR COLLIERIES. 



Bt a. G. L. PREECE, M.In8T.M.E., A.M.LE.E. 

In' connection with various papers communicated to the mem- 
bers of mining institutions, criticism had often been made that 
electrical engineers, when submitting the fruits of their wisdom 
to practical mining engineers, dealt too much in generalities, and 
avoided facts. The writer had this criticism in view when pre- 
paring this short paper, and considered that if he could lay before 
the members definite views, without qualification, as to the best 
types of electric cable for use under modern conditions of elec- 
trical working in collieries, he, at least, would disarm a portion of 
the criticism, whilst possibly his contribution might possess some 
practical value. He had pleasure, therefore, in submitting to the 
members two recent improvements in the design of electric cables 
which are particularly adapted for the conditions ordinarily pre- 
vailing in collieries, and which, in his opinion, are so valuable as 
to result in a greatly increased efficiency and length of life com- 
pared with cables hitherto designed and manufactured for colliery- 
purposes. 

I. — The first improvement in cable design is not an entirely 
new type of cable, but a special feature in connection with the 
basis of all insulated electric cables, namely, the stranded copper 
conductor. The speciality is called " the patent solid strand-fill- 
ing,"* and consists of the filling of the interstices between the 
wires composing the strand with a solid compound which will not 
run or become displaced by the heating of the conductor through 
overload. In course of manufacture the central wire, and each 
succeeding layer of the stranded conductor, is covered with a thin 
tube of plastic bituminous compound. This compound being 
thoroughly worked into the interstices of the strand, all 
capillary passages for moisture are stopped — in fact, water 

* BritUh patent, 1905, No. 4260. 
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cannot be forced in, even under pressure. This type of stranded 
conductor is particularly recommended, in conjunction with 
bitumen, as the insulation or dielectric. 

The advantages of such a type of cable are very obvious: 
there is nothing of a fibrous nature about such a cable, nor 
anything which can possibly take up moisture, the whole cable 
being waterproof. The writer may state that water in the strand 
of a cable is harmful, and the majority of faults — indeed, the chief 
reason of deterioration in colliery-cables — are due to water getting 
into the strands of the conductor. In most collieries, the water 
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is more harmful than ordinary water. This water enters either 
through the ends or through an original fault, which in many 
cases may be caused by mechanical damage. It is the writer's 
experience that, at collieries, cable-ends are often exposed to 
dampness through carelessness; and owing to the difficulty 
of repairing a fault immediately and properly, water has often 
entered the cable before a repair can take place. Neglect by the 
ordinary workman to inform his superiors of the occurrence of a 
fault or damage, and a haaty repair, made with a bit of rag or tape, 
come under this heading. 
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Onoe water is in a cable, actions and reactions occur and 
deterioration takes place, more or less rapidly, depending, more 
or less, on the load of the cable and the thickness of the 



dielectric. It 
particularly a 
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is very obvious, therefore, that any cable, 
bitumen-insulated cable, treated so as to be 
absolutely proof against such 
deterioration by preventing the 
CowoucTOR passage of water along the strands 
of the conductor, must be of great 
value and possess many advant- 
ages; and it is almost "fool- 
proof against the carelessness 
of employes. The extra cost of 
so treating a bitumen-insulated 
cable is small and trifling, com- 
pared with the increase in life 
given to the cable. 
II. — The second improvement in cable design which the 
writer wishes to describe is an entirely new type of cable, called 
** the patent solid three-core bitumen-cable."* The mode of 
manufacture is as follows: — The conductors of this cable are 
each separately insulated with bitumen compound, they are 
then laid together round a shaped central core of bitumen which 
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fills up the central space ; and the whole is sheathed over with a 
solid tube of bitumen, which is forced on so as to be ribbed 
internally and to fit exactly the interstices between the three cores 
(figs. 1, 2 and 3). The cable can then be taped and protected 



* BritUh patent, 1906, No. 8238. 
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by armour, etc., as may be necessary. The cable being a three-core 
one, is used for three-phase alternating- currents. Three-phase 
working is becoming very general in collieries ; and as for 
electrical reasons, apart from other reasons, the three-core cable 
is the best, a large quantity of such cable is used. 

The special construction of the solid three-core bitumen-cable 
obviates the introduction of £brous material as padding or 
elsewhere in the body of the cables; and consequently it has 
many advantages over the ordinary types. The ordinary three- 
core bitumen-cable, for instance, is composed of three cores, each 
insulated with bitumen compound — some types have jute-braids 
or tapes directly over the stranded conductor and underneath 
the bitumen insulation; each of the three cores is taped, with 
more fibrous material, and then laid up together; and, in order 
to make the cable into a circular form, jute-warp or other 
fibrous material is used to fill the interstices between the cores 
and in the centre. The cable is then taped and protected in the 
usual manner. Cables are manufactured with an outer sheathing • 
of bitumen over the cores ; but^ in these cases, the jute-padding is 
still used in making the cable circular. In the solid three-core 
bitumen-cable, it will be noticed that the outer sheathing of 
bitumen, owing to its ribbed construction, itself fills up the 
interstices. 

The advantages possessed by this cable over ordinary types 
may be described as follows : (1) Higher insulation and dielectric 
strength. The effective strength between each core and between 
the cores and earth in the case of the solid three-core bitumen 
cal)le is the total thickness of bitumen between the conductors, 
that is, twice the thickness on each conductor, and the total 
thickness of bitumen over each conductor and around the thre.e 
cores respectively. This is twice the effective dielectric 
obtained in three-core cables of the ordinary construction, as, by 
the use of fibrous tapes on the insulated conductor and of jute 
padding, a potential earth is introduced immediately around 
each core, and if moisture creeps down, as is quite likely, such 
fibrous material becomes at earth potential. (2) Greater chemical 
protection against bod water, etc. This is obvious in view of the 
explanation given above that there is greater effective insulation. 
(3) Greater reliability in wet situations. This is also obvious 
as water cannot creep down the cores. This may be understood 
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by examining a rough sample, and noting with what 
difficulty the outer sheathing is wrenched away from the three 
cores. The cable is practically homogeneous. (4) Greater 
mechajiical protection of the cores. This is obvious owing to 
its construction. The cores in the ordinary type are fairly loose. 
(5) Minimum chance of decentralization due to overload. This 
is also obvious owing to its construction. The ribbed sheath 
holds the cores in place, gripping them tightly. (6) The solid 
three-core bitumen-cable combines in itself all the advantages 
of a perfect solid system. (7) A further advantage lies in the 
fact that, in consequence of the cores being gripped along their 
whole length by the outer sheath, and thus not slipping, there 
should be no hesitation in suspending this type of cable (when 
armoured) even for a distance of 1,200 feet. The distance in 
practice is limited by the weight of the cable. In fact, a cable 
1,200 feet long so suspended, and weighing about 5 tons, is to be 
installed during the next two or three weeks in a shaft near 
Stoke-upon-Trent. There are many advantages obvious to col- 
liery managers, which the writer need not point out here, in 
being able to suspend a cable from one point at the top of the 
shaft. 

The stranded conductors in this type of cable, which can be and 
are used up to a pressure of 3,000 volts alternating, can, of course, 
be treated with the special solid strand-filling compound. This 
would then form, in the writer's opinion, absolutely the best cable 
possible for three-phase working in collieries and mines. The 
improvements being mainly connected with the bitumen- 
insulated type of cable, a few general remarks on this type of 
cable will be, therefore, a fitting conclusion to this paper. 

The bitumen type of cable, as now designed and manu- 
factured by the leading British cablemakers, is of so stable a 
nature, and so carefully and scientifically made, that the writer 
has no hesitation in recommending it as the best type of cable 
for use in ooUieries, at all pressures, at any rate up to 3,000 volts. 
Beyond that voltage, it may be necessary to introduce a certain 
amount of paper with the bitumen; but in this short paper 
there is no scope for the discussion of special conditions. 

The bitumen-compound should be tough and resilient, and 
designed so as to suit varying temperatures; it must not be too 
»oft at high temperatures, nor become brittle at low temperatures. 
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A bitumen-cable so designed possesses great permanency and 
chemical inertness, and resists very successfully the various 
oxidizing and other influences met with in collieries — such as 
bad pit-water, etc. Some bitumen-cables are very hard, and 
appear very strong, mechanically, at nonnal temperatures ; and 
these cables are often looked on with favour by mine managers. 
These physical properties are, however, obtained by the sacrifice 
of permanency of dielectric and chemical inertness; the 
hardening or stiffening usually takes the form of an addition of 
mineral loading-matter. Such a course renders the dielectric 
liable to loss of coherence in its particles, with a great tendency 
to become brittle and to crack at low temperatures; and, 
consequently, it encourages in a much greater degree the action 
of the oxidizing and other influences met with in colliery- 
workings. 



Mr. T. H. Wordsworth asked whether Mr. Preece considered 
it advisable to use three-core cables in shafts when the power to 
be transmitted was, say, 250 kilowatts at 500 volts. In his 
experience, three-core cables for this amount of work became too 
heavy and troublesome to handle in the shaft. He wished to 
know whether the filling of the strands would entirely prevent 
water from creeping up the cable, as he understood that with 
continuous current there was always a tendency for the water to 
travel up the negative cable. 

The President (Mr. Charles Pilkington) questioned the 
feasibility of suspending a three-core cable 1,200 feet long, 
without risk of serious injury. He had had some experience 
with electric cables, and knew how difficult it was to prevent 
water from getting into them. The filling described by Mr. 
Preece seemed to be calculated to keep out water altogether. 
He quite agreed that many hard bitumen-cables became brittle 
occasionally. 

Mr. Alfred J. Tonge said that a three-core cable 1,320 feet 
long had been suspended at the Hulton colliery. He asked 
whether Mr. Preece had made any tests for oxidation, or for 
the effect that atmosphere or temperature had upon the bitumen. 
In his own experience, nothing surpassed a coat of rubber for 
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the repeated taking-up and laying^own conditions that often 
prevailed in mines. This cable had been designed to meet the 
difficulty of moisture; but unless the bitumen was free from 
cracks there would still be trouble. Mr. Preece had spent a large 
amount of time in considering this matter, and it seemed 
reasonable that the members should give encouragement to 
engineers who were trying to overcome the difficulties specially 
attached to the use of electricity in mines. 

Mr. Preece, replying to the discussion said that, where a 
large amount of power was taken down the pit, it certainly might 
in some instances be better to take three single cables for 
convenience in handling ; it must be remembered, however, that 
for electrical reasons this methbd was not so good for three-phase 
working, especially when large conductors were being used. 
Further, the single cables would of necessity be unarmoured, 
and therefore must be protected, say by wooden casing. 
Armouring on the wires would create a heavy induction-drop. 
Personally, he would prefer to build up the main cable in units 
of convenient size where a large power had to be taken down the 
shaft; this system also allowed of the possibility, in case of a 
breakdown on one cable, of another taking its load temporarily. 
He confessed, however, that he had advocated the use of three 
single cables; that was before this special solid three- 
core bitumen-cable had been brought out. The special solid 
strand-filling would not allow any moisture up the strand. There 
was no fear of any harm arising from the squeezing pressure 
exerted on the cable when under single suspension ; and in such 
cases, the special construction of the solid three-core bitumen- 
cable compared favourably with the ordinary three-core cable. 
The cores were well gripped and protected by the ribbed outer 
sheathing, which also ensured a uniform distribution of pressure ; 
while in the ordinary type the pressure was exerted locally. The 
solid three-core bitumen-cable was not soft actually ; it was soft 
in comparison with some very hard types of bitumen-cable, but it 
was tougher and more resilient, and the latter quality was most 
important. Further, the hard type of bitumen-cable was not 
reliable; it would not stand the oxidizing influences present in 
collieries anything like as well as the type of bitumen used 
in the solid three-core cable. In cases where great flexibility 
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was required and the cable had to be moved very often, 
there wa^ nothing better than vulcanized indiarubber; and the 
resilient type of bitumen in the special cable was the nearest 
approach to it. Most cables in collieries, especially shaft-cables, 
were permanently fixed. 



DISCUSSION OF MESSRS. W. N. ATKINSON AND 
A. M. HENSHAW'S PAPER ON " THE COURRIERES 
EXPLOSION."* 

Mr. Joseph Dickinson said that it might appear ungracious 
not to acquiesce in the conclusion arrived at by such high 
authorities, and after evidently unwearied painstaking enquiry. 
It was astounding and not readily admissible that a blown-out 
shot, with only dust to help, should travel through many miles 
of workings in several different seams and kill 1,100 persons; 
and, at all events, a little honest criticism might help the con- 
sideration of the point. 

There were thirteen shafts, varying in depth, with workings 
connected underground ; and the workings of four of these shafts 
were seriously affected: No. 2 pit, upcast; No. 3 pit, bratticed, 
part downcast and part upcast; No. 4 pit, upcast; and No. 11 
pit, downcast. Loud noise with clouds of smoke and dust came 
to the surface at Nos. 3, 4, and 11 pits ; a cage at No. 11 pit was 
thrown upwards towards the pulleys; there was no surface- 
damage at No. 2 pit; the landing-floor was damaged at No. 3 
pit ; and the covering was blown open at No. 4 pit. Whilst below- 
ground at No. 11 pit, the 1,257 feet (383 metres) hooking-on 
place and surroundings were damaged ; at No. 4 pit, something 
similar happened ; at No. 3 pit the 919 and 1,070 feet (280 and 
326 metres) entrances were affected, some stoppings shutting 
off a fire being near the 919 feet (280 metres) mouthing ; and at 
No. 2 pit the flame ceased. It required careful study of the 
several plans outlining the workings in the respective seams to 
follow the course of the blast. The blown-out shot was in the 
Josephine seam, at the face of the Lecoeuvre heading, aired by 
pipes, and one of two headings, about 450 feet in length, driven 
from an upbrow or rise-working out of the north 1,070 feet (326 
metres) winning from No. 3 pit. From this point, the blast 

* Trans. Inst. M. E., 1906, vol. xzxii., pages 439, 340 and 507; 1907, 
voL xzxiii, pages 124, 303 and 326 ; and 1907» voL xxxiv., page 151* 
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radiated in various directions into various seams, including the 
north-west district, the No. 2 pit, in the south-east. Another 
part turned back at an acute angle and then divided, some going 
to the north and some by the 1,070 feet (326. metres) tunnel to 
No. 3 pit, up which some went. The blast passed into the south 
1,070 feet (326 metres) tunnel and entered the east and west 
workings, that going west, apparently re-invigorated with fresh 
gas, extended to Nos. 4 and 11 pits, north and south of which 
extensive damage was produced. Worked-out districts were not 
shown on the plans, but only main roadways, and some main 
air-currents by arrows with feathered tails, and some of the 
blasts by arrows without tails. The position of the fire in the 
Cecile goaf near No. 3 pit was shown, also of the seven stoppings 
shutting it off, the shut-off part including a large area of goaf. 
Fires in mines were usually dreaded, and suitable precautions 
taken until the enclosed area became too much fouled to be ex- 
plosive. This fire, however, discovered in an airway in the goaf 
four days before the explosion did not cause alarm ; work else- 
where went on as usual; and the shutting-off was only just 
finished before the explosion occurred. 

The writers of the paper did not meet with any fire-damp; 
but their investigations did not begin until long after the explo- 
sion, and it might reasonably be supposed that they could not 
enter many, if any, of the goaves. 

Fire-damp had, on a few occasions, been previously found in 
some parts of the workings. Therefore, in endeavouring to solve 
the difiicult problem, it should be borne in mind that it seemed 
probable from burst piping that some fire-damp was present in 
the Lecoeuvre heading where the shot blew out. The heading 
above the Lecoeuvre heading was not at work ; it was found much 
shattered and inaccessible after the explosion, and might have 
been full of fire-damp. Taking the lower heading as the start- 
ing-point, aided by gas from the upper heading, flame would 
extend far away, combining with fresh air and lighting fire- 
damp in the numerous gtoaves, and gas distilled from 
the shut-off fire seems more likely than the hypothesis of dust 
alone. From below No. 7 stopping also, an unfeathered arrow 
showed the blast coming out of this goaf; and on the rise near 
No. 3 pit, two stoppings were blown inwards towards the fire; 
the blast apparently raked through this goaf. 



Vol. XXX.] DISCUSSION — ^THE COUREIERES EXPLOSION. 127 

In his (Mr. Dickinson's) time, excluding explosions from 
shots alone, he had investigated between 350 and 400 fatal ex- 
plosions, large and small, in some of which dust contributed, but 
fire-damp played the leading part ; and, so far as memory served, 
not one was caused from dust alone. The greatest explosion 
was at the Oaks colliery, Barnsley, in 1866, when 361 lives were 
lost including 27 rescuers. This explosion followed the firing of 
a heavily-charged shot, in about the time that it would take to 
count two ; but it was in a fiery mine with accumulations of gas, 
and found yielding about 550 cubic feet of gas per minute after 
the explosion. Dust had long been recognized as a factor in fire- 
damp explosions. A few explosions were recorded as having 
occurred in strong air-currents, especially in intake air newly 
compressed by descent into the mine, the starting-point being a 
shot. Caution was, therefore, requisite. Fire-damp seemed the 
leading cause, but dust was an accessory. The writers' sug- 
gestions in this respect were, therefore, commendable Dust 
should be removed, or watered so far as not to occasion more 
harm than it would remedy. Spraying with water might per- 
haps help in dispersing fire-damp, instead of the now discarded 
batting out with cap and jacket. 

The President (Mr. Charles Pilkington) said that the details 
were exceedingly complicated in the case of the Courrieres explo- 
sion, and it seemed to him that dust must have carried it on. 
He could hardly imagine the presence of a body of gas large 
enough to blow up and down the staple pits and oause the havoc 
that had been wrought in so great a length of roadway. He 
thought that most explosions began with gas, but were extended 
by dust. At the same time, Mr. Dickinson had had so large and 
varied an experience of mine-explosions, that he deferred to his 
opinion, although he could not help thinking that the Courrieres 
explosion was carried on by dust. He hoped that the dust ques- 
tion would be set at rest by the trials about to be made by the 
Government. 

Mr. G. B. Harrison (H.M. Inspector of Mines) could not 
fully accept Mr. Dickinson's view, that gas was the predominant 
factor and dust a possible accessory in all explosions. In many 
explosions, unless all the engineers who had investigated them 
were wrong as to the point of origin, the circumstances did not 
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favour Mr. Dickinson's theory. He (Mr. Harrison) instanced in 
particular the circumstances under which the explosions took 
place at Braluvepeth and Wingate Grange collieries. It seemed 
to him that at the Courrieres colliery dust must have been the 
cause of the explosion travelling over such long distances, and 
irrespective of the cause and the point of origin, dust and air 
must have been the factors that carried on the explosion. 

Mr. W. OiXEKENSHAW wrotc that, some fifteen or more years 
ago, he had an opportunity of making investigations after an 
explosion which occurred at the Ashton Moss colliery by which 
two men lost their lives and several others were injured. There 
were many points in connection with his investigations which 
were supported by Mr. Atkinson's and Mr. Henshaw's observa- 
tions at the Courrieres collieries. (1) No gas had been found 
at the point at which the explosion took place previous to the 
e'Xplosion, nor was any found at that point at any time after the 
explosion; (2) the point at which the explosion occurred was 
very dry and dusty; and (3) the flames from the firing of the 
coal-dust, in both directions in which they travelled, on coming 
to points at which the nature of the dust changed, or where the 
dust was moistened by water, were arrested as they were at the 
Courrieres collieries. The explosion at the Ashton Moss colliery 
was proved to have been caused by a blown-out shot, fired at the 
junction of the main return-airway. The roadway in which 
the shot was fired was small, and, as a result of the increased 
velocity of the air passing the full tubs of coal, considerable 
quantities of dust were blown off the tubs and accumulated along 
the roadway ; and, so far as this dust extended in both directions, 
the flames from the explosion had travelled until arrested at 
wet points caused by water coming from the roof. The aii-way, 
below the point at which the shot was fired and from which 
direction the air was travellinjr, was made through gob or waste ; 
but no coal-dust was present in the airway, nor could any traces 
of the explosion be found in the airway. The fact that some 
coal-dusts were explosive pointed out the necessity of the experi- 
mental gallery suggested by Mr. Henry Hall, Mr. John Gerrard, 
and others ; but in other mines the dust was not of so highly an 
inflammable nature as to be explosive. If samples of dust, taken 
from the roadways of any mine, were found (on being subjected 
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to a reasonable test in the experimental pfallery) to be of such, a 
nature that danger of a coal-dust explosion might be feared; 
then, H.M. Inspector of Mines might reasonably demand that 
remedial measures should be adopted in that particular mine, 
but it would be unfair to place all mines on the same footing. The 
dust in some mines, the result of floor-crushings, etc., and not of 
broken coal, was perfectly safe. He (Mr. OUerenshaw) suggested 
two methods which would lessen, if they did not altogether 
prevent, the occurrence of coal-dust explosions : (1) the tubs used 
for carrying the coal from the coal-face to the surface should be 
kept in first-class repair, in order to prevent the leakage of coal- 
dust on to the roadways; and (2) the haulage-roads should be 
kept in first-class repair in order to prevent the leakage of coal- 
a high velocity as to blow dust out of the tubs whilst in transit 
to the shaft. 

He thought that the members would agree that, if Great 
Britain was to maintain her supremacy as a manufacturing 
nation, the manufacturer should be supplied with cheap fuel. 
This fact ought not to be lost sight of in discussing what precau- 
tions should be taken to minimize the dangers from coal-dust; 
and, whilst taking steps to protect the lives of the workmen, 
care should be taken not to cripple the coal-industry. 

Mr. Joseph Dickinson said that he had investigated the 
explosion that took place at Ashton Moss colliery. Eeturn air, 
from the deep workings of the mine, was coming through a very 
small hole and blowing with great pressure into an upper level, 
and some men fired a shot into the compressed air, which, no 
doubt, was contaminated with fire-damp. 

The President (Mr. Charles Pilkington) said that the com- 
position of dust, its fineness as well as its quality must be con- 
sidered. Coarse granular dust would not explode, but a very fine 
one would. Samples taken from the Clifton and Kersley pits had 
been tested, and the result confirmed this opinion. He had found 
also that, while floor-dust was comparatively harmless, the dust 
taken from the sides and roof was more or less explosive. Conse- 
quently, in watering any mine it was absolutely useless to water 
the bottom-dust unless the top and sides were also watered or 
cleaned. At the same time, he considered that the question of 
watering was fraught with great danger. Watering was bene- 
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ficial if it could be done without destroying the roof or lifting 
the floor; but, in every case where the floor was soft or the roof 
tender, more* men might be killed by watering than would be 
saved by keeping them from the risk of an explosion. 

Mr. Joseph Dickinson said that there were different kinds of 
blown-out shots. Holes drilled with an obstruction in the drill- 
ing had the effect of giving a twirl to the shot, in the same 
manner as a rifled barrel did to a bullet or bolt. He did not 
think that any drill-hole which was not bored straight should 
be allowed to be charged ; it was dangerous to fire the shot in a 
drill-hole that was askew, as the flames spread out so widely. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 
Hbld at ViCTOBiA University, Manchestbr, Junk 2Bth, 1907. 

Mb. JONATHAN BARNES in thb Chaib. 



Prof. W. Boyd Dawkins conducted the members througli tke 
Geological Museum, and indicated some of the recent additions, 
including the skeleton of a Plesiosaurus, presented by Mr. W. H. 
Sutcli£Ee, and a large slab showing footprints of an enormous 
reptile found in the Wirral district and presented by Mr. W. 
Balfour Stewart. 

Prof. W. Boyd Dawkins said that the discovery at Whitby was 
an interesting illustration of the manner in which those members 
of the Society who occasionally disported themselves at the sea- 
side, if they kept their eyes open, might make discoveries. Last 
summer, Mr. W. H. SutcliflPe — a good friend to the Museum — 
was walking along the cliffs near Whitby, when he saw, some 15 
or 20 feet above the beach, what he thought were bones. On 
making his way up the cliff, he found that they were vertebrae 
ribs, and portions of paddles, and with the aid of some fishermen 
he unearthed them. He also found, close by, the skull of a beast 
which turned out to be that of a Teleosaurus, an order allied to 
the crocodiles now found in the river Ganges. Mr. Sutcliffe 
brought the skull and the vertebrae to the Manchester Museum, 
and Mr. Watson and Mr. Hall, in the geological department 
(whom, he was sorry to say, they had just lost by his removal 
to another sphere of activity) put the bones together. Then 
it was realized that the head had nothing to do with the bones, 
and the head which did belong to the latter was probably still in 
the cliff. This Mr. Sutcliffe found on a subsec^uent visit, and in 
the specimen in the case it was seen in its natural position at- 
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tached to the vertebr«B of the neck : it belonged to the Pleosa.uria. 
That was the history of one of the most interesting specimens in the 
Museum. Continuing, Prof. Boyd Dawkins said that the 
Museum had grown to be what it was by the assistance afforded 
by members of the Society, who collected the larger and the more 
important portion of the geological specimens, notably those 
groups of Carboniferous fossils which illustrated so well the 
Carboniferous flora. A better collection of the Carboniferous 
flora was not to be seen in any other museum in the world. Prof. 
Boyd Dawkins also called attention to the slab of stone, recently 
placed in the Museum, showing the wonderful " footprints in the 
sands of time " of which Longfellow spoke in his Psalm of Life, 
The footprints, clearly indicated on the slab, were those of a 
great Dinosaur, with small fore and large hind limbs, called 
Chcirotherium. It was one of the finest slabs found of late years. 



Prof. W. Boyd Dawkins read the following "Introductory 
Remarks on the Coal-measures " : — 
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INTRODFGTOKY RP]MARKR OX THE COAL- 
MEASUKES. 



By Prof. W. BOYD DAWKINS, D.Sc.. F.R.8., F.G.S. 



When the members considered Carboniferous forests, the 
vegetation covering the land, he thought that they ought to deal 
with the question of Carboniferous geography. Of course, as 
was well known, the vegetation followed a zone, more or less 
definite according to its relation to the sea-level. When they 
realized the reason why the seams of coal were so remarkably 
parallel to one another, they grasped the fact that they were vege- 
table accumulations grown on great tracts of flat land, close to 
water-level. They must discard the idea of isolated basins, 
as now represented by the coal-fields. The general idea, pre- 
sented by Sir John Prestwich and Mr. A. R. C. Godwin-Austen as 
to the geography of this country in remote ages, was as follows : — 
A mountainous region in the Highlands of the north, a great tract 
near sea-level, extending over the lowlands of Scotland, round 
the Like District, round North Wales, as far south as Brittany, 
and extending over nearly the whole of Ireland with the ex- 
ception of the Wicklow mountains, and to the east into the val- 
ley of the Rhine. This great mass of alluvium covered an area 
more than a thousand miles long and 500 miles broad. The forests, 
represented by coal-seams, grew on great tracts of flat land near 
the water-level. In some of the shales and sandstones, there 
are also remains of driftwood (J)ado.x\jlon) carried down from 
the uplands by floods, and belonging to a flora which grew at 
a higher level. The character of the water was shown in some 
cases by shells: marine shells indicated the presence of sea- 
water, and fresh-water shells, fresh water. The question of 
the zones for the purposes of classification was now under 
discussion. 

At the close of the Coal-measure period, this great mass of 
alluvium, no less than 7,200 feet thick in Lancashire, was 
thrown into a series of folds, and riddled with faults. In later 

18 
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geological times, it was largely destroyed by processes of 
denudation, and the existing coal-fields are merely those por- 
tions of it which had been preserved, by being sunk deep 
beneath the then surface of the land, and by the protection 
offered by newer rocks. 



Mr. David M. S. Watsox read the following paper on " The 
Formation of Coal-balls in the Coal-measures " : — 
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THE FORMATION OF COAL-BALLS IN THE COAL- 

MEASURES. 

By DAVID M. 8. WATSON, B.Sc. 



The Upper-foot Mine of Lancashire and the Halifax Hard 
Bod in Yorkshire have been known for many years to contain in 
the actual seam of coal numerous calcareous nodules, enclosing 
beautifully-preserved plants. It has been found by Miss M. C. 
Stopes and ihe author that ooal-balls occur in at least two other 
coal-seams in Lancashire : (a) one of these, well exposed in the 
banks of the river Tame at Stalybridge, is about 100 feet below 
the Woodhead Mill rock, and about 20 feet above the top of the 
Millstone Grit. (5) The other, worked about 100 years ago in 
a pit near Laneshaw Bridge, about 2 miles north-east of Colne, 
is in the Millstone Grit, probably in the Second Grit. Exactly 
similar coal-balls occur on the Continent at Orlau, in Silesia, and 
in Westphalia, in each case at more than one horizon. In all 
these occurrences the coal-balls are associated with marine con- 
ditions in the roof. 

The roof is always a black or dark-grey shale, containing 
abundant crushed goniatites and Aviculopecten. In these shales 
also occur spheroidal concretions, containing the same fossils 
uncrushed. These are known as baum-pots and yield fine 
specimens of the contained fossils. Baum^pots have roughly 
the same composition as coal-balls: differing only in having a 
higher percentage of clay. The similarity in composition be- 
tween baum-pots and coal-balls, both being impure dolomites, 
when taken in connection with the constant occurrence of baum- 
pots over coal-seams containing coal-balls, suggests some 
relationship between 'the two. 

The conditions at the junction of the Upper-foot and Gan- 
nister coals to form the Mountain Four-foot seam, as seen at the 
Old Meadows pit, Bacup, renders this relationship almost certain. 
It is found, on approaching the junction in the Gannister Mine, 
that isolated coal-balls occur when there is a parting 10 inches 
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thick between the top of the Gannister seam, whicn elsewhere 
18 free from coal-balls, and the TJpper-foot Mine with its marine 
roof. When the junction is reached and the parting is only 1 
inch thick, numerous large coal-balls are found in the lower 
part of the Union seam, which represents the Gannister coal. It 
is found, in certain cases, that stems run through two or more 
coal-balls, thus showing that the latter cannot have moved since 
their formation. The often very irregular form of the coal-balls 
also testifies to the same fact. 

It is consequently certain that the coal-balls must have some 
connection with the conditions prevailing during the deposition 
of the roof, and the explanation adopted by Miss Stopes and the 
present author is as follows: — It has been shown by Mr. H. 13. 
Stocks* that the bacteria which produce decay are capable of re- 
ducing calcium-sulphate to the carbonate, which, being less solu- 
able, is deposited. It seems almost certain that the same reaction 
would occur with magnesium-sulphate. Now, sea-water contains 
appreciable quantities of the sulphates of calcium and magne- 
sium. It has been shown above that the marine conditions of 
the roof have something to do with the formation of coal-balls, 
and this occurrence of calcium and magnesium-sulphate in sea- 
water suggests that the marine roof had supplied the raw mate- 
rial of the coal-balls. Another use of the sea-water was as a 
preservative. It has been found by Miss Stopes and the author 
that plants are perfectly preserved for a long time by a mixture 
of sea- water and peat. 

Full information about the occurrence and probable methods 
of formation of coal-balls and some similar structures, notably 
the dolomite replacing coal at the Wirral colliery, described by 
Mr. A. Strahan,t will be found in a paper by Miss M. C. 
Stopes and the writer.J A short preliminary account has been 
published by Miss Stopes.§ 



• **0n the Origin of Certain Concretions in the Lower Coal-measures," by 
Mr. Herbert Birtwhistle Stocks, The QwarttHy Joumab of the Geological Society of 
London, 1902, vol. Iviii., page 46. 

t " On the Passage of a Seam of Coal into a Seam of Dolomite," by Mr. 
Aubrey Strahan, Ibid , 1901, vol. Ivii., page 297. 

t "On the Present Distribution and Origin of the Calcareous Structure 
known as Coal-balls," by Miss M. C. Stopes and Mr. D. M. S. Watson. 

§ "On the Coal-balls found in Coal-seams," by Miss M. C. Stopes, Report 
of the Seventy sixth Meeting of the British Association f<yr the Adt^ncement of 
Science, York, August, 1906, page 747. 
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The Chairman (Mr. J. Bamee) said thai Mr. Watson's paper 
had been interesting to him, as he had had some share in working 
out the composition of coal-balls; and he agreed with Mr. 
Watson's idea as to their being of marine origin, because dolo- 
mite was not altogether a marine body, although largely so. 
The question of dolomitization was not yet definitely settled, but 
he hoped soon to place something on record that would make the 
matter as simple as it' was now difficult. 

Mr. Bernard Hobson, in moving a vote of thanks to Mr. 
Watson, said that he had been specially interested in the relation- 
ship that Mr. Watson had pointed out between the coal-seam in 
the Wirral peninsula and the coal-balls in the coal. In the case 
of the Dolomite-mountains of the Tyrol, the deposit apparently 
had no connection with coal-seams. The question of the forma- 
tion of dolomite was one on which there was great difference of 
opinion, and every observation which tended to show how dolo- 
mite might be formed under certain conditions would, he thought, 
probably lead to throwing light on its possible mode of formation 
in other cases. He thought that there was an instance of a dolo- 
mite-deposit cementing the pebbles in the river Neckar, at 
Cannstadt, Germany.* There were various ways in which dolo- 
mite could be formed, but the mode, in the case of coal-balls, was 
af special interest. 

Mr. Sydney A. Smith seconded the resolution, which was 
passed. 



Mr. George Hickling read the following paper on ** Carbon- 
iferous Flora as an Aid in Stratigraphical Classification": — 



* Die Paragenesuf der Mintralien, by Prof. August Breithaupt, 1849, page 46. 
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CARBONIFEROUS FLORA AS AN AID IN STRATI- 
GRAPHICAL CLASSIFICATION. 

By GEORGE HICKLING. 



The main object of the writer is to endeavour to show that 
fossil plants are more worthy of the attention of ^ologists, as an 
aid to the correlation of strata, than has of late been generally 
admitted. 

For a clear discussion of any question of this kind it is essen- 
tial that one or two fundamental geological terms should be used 
with greater precision than is commonly the case. " Formation/' 
** system," and " zone " ai^ such familiar terms that their precise 
meaning and relation are apt to be neglected. They differ not 
merely in magnitude but in kind. Formation was originally 
used, and should still be used, simply to denote a mass of rocks of 
a definite character, which might be traced as a sheet over a 
greater or smaller tract of country: it represents a particular 
type of sedimentation. System is defined in a totally distinct 
manner, although this is not always clearly recognized. While 
formations for the most part followed one another in unbroken 
succession, widespread unconformities here and there interrupt 
the sequence and split the whole series of stratified rocks into 
larger subdivisions or systems. A prevalent misconception must 
be corrected here : namely, that a system is a series of deposits 
defined by a particular assemblage of organic remains. It was 
perfectly natural that this idea should have been grafted on to 
the definition of a system in the days of cataclysmic theories; 
but, in view of the modem belief in the continuity and gradual 
modification of the organic world throughout geological time, it 
must be at once recognized that systems can only be defined by 
natural breaks in the succession of the rocks. A zone, on the 
other hand, is only palseontological in its conception. Interrup- 
tions in the series of deposits which make systems impossible, 
are the greatest hindrance to the zoning of the geological scale. 
Single species or groups of organisms may be used to define 
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zones, as at all periods there are species and groups which attain 
ihe height of their development. They are the dominant species 
of the time, and their abundant remains in a stratum mark it as 
having been formed at that time. Zones, then, but certainly not 
systems, are defined by certain dominant groups of organic 
remains. 

The value of plant-remains for the definition of zones within 
a given system depends upon the amount of evolution which the 
plants or certain groups of them, have undergone while the rocks 
of that system were being deposited ; that is, the extent of the 
changes in the dominant species. The first enquiry, then, must 
be : what are the chief groups of plant-bearing strata that must 
be included in the Carboniferous system, and what, approxi- 
mately, is their relative position P A discussion of the intricate 
problems of the correlation of the Carbotiiferous rocks of Great 
Britain would be beyond the limits of this brief communication, 
and the outline-schem? set forth in plate iv. summarizes the 
most probable views, he believed, on this subject. The only points 
in this scheme likely to meet with serious opposition are the in- 
clusion of Upper Old Red deposits in the Carboniferous system, 
and the position assigned to the Devonshire rocks. These, the 
writer hoped, shortly, to make the subject of a detailed paper. 
Meanwhile, he might remark that, following the definition of the 
system given above, the Upper Old Red must be included, while 
he believed tliat this is further necessitated by the contempor- 
aneity of some, at least, of those deposits with part of the Carbon- 
iferous Limestone Series. Below that group of deposits there is 
a great unconformity, which will probably be found eventually to 
extend over the whole of the British Isles, and may also be traced 
on the Continent. 

Taking this great break as a natural base, the Carboniferous 
system presents three well-known floras, which may very well 
indicate the amount of change undergone by plants during the 
whole of that period. Near the true base are found the plant- 
beds of Kiltorcan, Kilkenny; about the middle are the cement- 
stones and oil-shales of the Calciferous Series; and at the top 
are the various Coal-measure horizons. 

Of the distinctness of these three floras it is unnecessary to 
speak at length. Kiltorcan has unfortunately yielded as yet 
only about ten species, or perhaps less; nevertheless, poor as the 
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flora is, it is perfectly distinct from that of the Calciferous Sand- 
stone or Cement-stone, although presenting some afiinity with it. 
Luckily, the knowledge of the plants of this period may be ex- 
tended from the rich beds of Bear Island, the plant remains from 
which have been described by Heer, and more recently by Prof, 
A.G.Nathorst.* Archceopteris is there represented by three species, 
Bothrodendron by five, and the peculiar Sphenopteridium haa 
likewise five species. These three genera may be regarded as the 
characteristic forms of the Upper Old Eed flora. They are rfepre- 
sented in the Calciferous Series, but by almost completely dis- 
tinct species. Bothrodendron and Archceopteris only axe scantily 
represented, even as genera, in the Coal-measures. The total 
absence of many of the commonest upper Carboniferous forms, 
Sigillaria, Alethopteris, Neuropteris, and Peeopteris, is no less 
striking a feature of this eariiest flora. So far as one can at pre- 
sent judge, the Calciferous-Sandstone flora occupies a fairly inter- 
mediate position between that of the Upper Old Red of Ireland 
and Bear Island and that of the Upper Carboniferous. It bears 
a very similar relation to both. Most of the important Upper 
Carboniferous genera appear in the Calciferous Series, but they 
are represented mainly by disrtincti species, while there are 
several genera peculiar to each group. Of genera peculiar to the 
Calciferous Series, Sphenopteridivm, Rhacopteris, and Adiantoides 
may be mentioned, while the complete or almost complete ab- 
sence of the genera Pecopteris, Alethopteris, and Neuropteris is 
still noteworthy, although these begin to appear in slightly 
higher beds. Thus, the wide distinction between the floras and 
the great divisions of the Carboniferous is abundantly evident. 

The only doubt that could be cast on the value of these 
distinctions would be on the possibility of their being due to 
mere local conditions, and not to the evolution of the plant-world. 
If corresponding plants can be shown to exist at similar horizons 
in a number of localities, this objection will be overruled. Evidence 
on this point is steadily accumulating, and it is pointing in the 
right direction. Telia Quarry, near Prestatyn, contains a plant- 
bed, referred by Mr. R. Kidston, from its plants, to the Calciferous 
Series, and by Dr. Wheelton Hind, from its mollusca, to the 
Pendleside series. Formerly, these two horizons were considered 
as most widely separated ; but, as indicated in the diagram (plale 

♦ Zur OberdevoniscJien Flora der Bdren-insel, 
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iv.), the writer thought that the evidence pointed to their 
being comparatively near. Similar plants are associated with 
similar shells in the Limestone Series at Poolvaah, near Castleton, 
Isle of Man. In the diagram (plate iv.), again, the writer has 
placed the Culm Series of Devonshire as entirely Upper Carbon- 
iferous, and this for purely stratigraphieal reasons. From an 
examination of the plant remains, Mr. E. A. Newell Arber* had 
concluded that most of the Middle and Tipper Culm of Mr. 
W. A. E. Ussher, is of Middle Coal-measure a^. Instances of 
this kind to illustrate the reliability of plants for determining 
horizons when they occur under somewhat abnormal conditions, 
might be considerably multiplied; but that scarcely seems 
necessary. 

The possibility of using plant-remains for the determination 
of horizons in a broad way would probably be admitted by most 
geologists with little demur. It was more especially with regard 
to their applicability to finer zoning in Coal-measure deposits 
that scepticism seemed to prevail. It was the more unfortunate 
that this should be the case, as work in this field is of the highest 
possible value both scientifically and economically ; while at pre- 
sent the number of workers is minute. This hesitation to accept 
results based on plant-remains, may, the writer thought, be traced 
to one of the very circumstances which appeared to him to make 
these fossils particularly suitable for the purpose. Certain genera 
(Neuropteris is a good example) have been divided into large 
numbers of species, which can only be separated with great care. 
Geologists as a rule have little botanical knowledge, and identifi- 
cations of species of these genera have been more often wrong than 
right. Whether results can be trusted when identifications 
are so difficult is the natural query. The difficulty in these 
cases was due to the fact that species do run into one another. 
The evolution of a whole genus was in full swing, and each main 
form was producing numerous varieties. How many species 
may be recognized is a matter of small importance; the essential 
fact was that the great number of varieties pointed to their rapid 
production, and, it may be assumed, to their equally rapid extinc- 
tion. The conditions are exactly paralleled among the genera of 
corals and brachiopods which have been used in zoning the Carbon- 

* *'The Fossil Flora of the Culm-measures of North-west Devon, and the 
Palsaobotanical Evidence with Regard to the Age of the Beds," by Mr. E. A. 
Newell Arber, Philosophical Tranaactiona of the Royal Society of London, 1902, 
vol. cxcvii., series B, page 291. 
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iferous Limestone or the ammonites of the Medozoic rocks, in 
which it had been found convenient to retain only the main 
species, and to group the others round them a,s variants. 

Considerable success had already attended the patient and care- 
ful work of Mr. R. Kidston, who had been able to show that marked 
distinctions exist between Lower, Middle, and Upper Coal- 
measure floras ; so marked, indeed, that each had numerous species 
peculiar to itself, while the common species of one division were 
rarely common in either of the others, makini? the actual floras 
in the field look much more distinct than might appear from 
lists. With careful collecting, there was little doubt that much 
finer subdivision and correlation of this important series of rocks 
will ultimately be possible, and the way will be paved to that 
accurate and detailed knowledge of their history which must 
ultimately enable us to predict their position and development in 
those regions where they now lie buried below later deposits. 
One great barrier stands in the way of the successful pursuit of this 
enquiry : the scarcity of specimens, the exact horizon and locality 
of which are known. In view of the enormous economic value of 
the results to be attained, though even a single fruitless sinking 
were saved, the writer felt that he could not better conclude than 
with an appeal to the members to assist in supplying the necessary 
materials. 



The Chairman (Mr. J. Barnes), in proposing a vote of thanks 
to Mr. Hickling for his paper, trusted that the members would 
give Mr. Hickling ample material, so that he could put this matter 
on a proper footing, just as Dr. Wheelton Hind and others had 
done in regard to the moUusca. 

Mr. Beenard Hobson, in seconding the motion, expressed the 
opinion that in the end the results obtained from moUusca would 
be found to agree with the results obtained from plants; and, 
if they did not, it would seem to point to the fact that mistakes 
had been made in working out the results. 

The motion was passed. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ANNUAL GENERAL MEETING, 

Hkld in the Rooms of thk Sooinnr, Quxkn's Ohambshs, 

5, JoBN Dalton Stbbst, Manghbstsb, 

OoTOBKB 8th, 1907. 



Mr. HENRY BRAMALL, ViCB-PBisiDEyT, in ths Ghatb. 



FOGGS COLLIERY DISASTER. 

Mr. John Ashworth moved a vote of deep sympathy with the 
relatives of the ten men who had been killed, and with Mr. Henry 
Sramall and Messrs. Andrew Knowles & SonSj Limited, in the 
disastrous shaft accident which had occurred at Fog^s colliery 
on October ^tJi. 

The motion was carried. 

Mr. Heney Bramall said that he greatly appreciated the 
expression of sympixthy. 



The following gentlemen were elected, having been previously 
nominated : — 

Mbmbsbs — 
Mr. Malcolm Bukb, Mining Engineer, Sibertswold^ near Dover. 
Mr. William Shxkman Toplib, Electrical Engineer, Novara^ Rowan 

Avenue, Brooklands, near Manchester. 
Mr. John T. Joints, Colliery Manager^ Foggs House, Little Lever^ near 

Manchester. 



The Honorary Secretary (Mr. Sydney A. Smith) read the 
Annual Report of the Council as follows : — 
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ANNUAL REPORT OF THE COUNCIL, 190G-1907. 

The Council have pleasure in submitting" the sixty-ninth 
Annual Report on the work and prog^ress of the Society during 
the past year. 

Twenty-four new members have been elected during the year, 
of which 16 are federated members, 4 federated associate mem- 
bers, 2 federated associates, 1 federated student, and 1 non- 
federated member. Two students have been transferred to the 
federated members' list. The resignations during the year have 
been 9 federated members and 5 non-federated members; and, 
in addition, the names of several members whose subscriptions to 
the Society were considerably in arrear, have been removed from 
the list. 

The classification of the membership for the year 1906-1907 is 
shown in the following table : — 



ClMriflcation. 


Memben. 


reaenMa 
Memben. 


TotaU. 


Honorary members 


11 


— 


11 


Members, inclusive of life members 


63 


197 


250 


Associate members 


— 


9 


9 


Associates 


— 


6 


6 


Students 


— 


10 


10 



TotaU ... 64 221 285 

It is with feelings of deep sorrow that your Council record 
the death of Mr. Mark Stirrup, who became a member in the 
year 1880, and in the year 1904 was elected an honorary member 
in recognition of his devoted service to the Society. Mr. Stirrup 
was President for the year 1896-1897, and for a number of years 
previously had held the office of Honorary Secretary. Other 
members whose deaths have to be recorded are Mr. Henry 
Jobling, elected in 1883 ; and Mr. Konald Gordon Grant, elected 
in 1904. 

During the session, nine ordinary meetings of the Society 
have been held, a special evening meeting, and an excursion- 
meeting, all of which have been well attended by the members. 
There have been twelve Council meetings. The special evening 
meeting was held at Victoria" University on June 28th by the 
kindness of the University authorities, and Prof. W. Boyd 
Dawkins exhibited a number of recent additions to the Museum- 
collection. At this meeting, short addresses were delivered on 
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" The Coal-measures," ** The Formation of Coal-balls in the Coal- 
measures," and " Carboniferous Flora as an Aid in Strati- 
graphical Classification," by Prof. W. Boyd Dawkins, Mr. 
D. M. S. Watson, and Mr. George Hickling respectively. 

At the invitation of the President, Mr. Charles Pilkington, 
the members visited the Pilkington Tile and Pottery Works at 
Clifton Junction on June 19th. The excursion was attended by 
upwards of fifty members. The party was courteously conducted 
over the company's extensive work*s by Messrs. Burton (the 
managers) and their assistants. An enjoyable afternoon waa 
spent in examining the methods of production of tiles, pottery, 
etc., in various stages, after which the members were hospitably 
entertained by the directors of the company. 

Mr. Charles Pilkington in his Presidential Address discussed 
a number of present-day problems, including the practicability 
of coal-cutting by machinery, applied to the general run of col- 
lieries; the difficulties arising from the inevitable increase in 
the depth of pits ; the methods to be adopted for the prevention 
of coal-dust explosions ; and the various obstacles to be overcome 
in working coal under water-bearing strata. 

The geological interest has been maintained by communica^ 
tions from Prof. W. Boyd Dawkins, Messrs. John Gerrard, 
George Hickling, W. A. Ritson, Mark Stirrup, F. J. Thompson, 
William Watts, and David Watson. The contributors of min- 
ing subjects include Messrs. W. H. Coleman, John Galliford, 
A. M. Henshaw, William McKay, Charles Pilkington, G. G. L. 
Preece, F. J. Thompson, and T. H. Wordsworth. 

The list of papers and short communications, read before the 
Society during the session 1906-1907, is as follows : — 

"The Cook Calorimetric Bomb/* by Mr. W. H. Coleman. 

"The Coal-meaaures," by Prof. W. Boyd Dawkins. 

"A New Patent Reflector for Safety-lamps/' by Mr. John Galliford. 

"Demonstration of the Weg Apparatus," by Mr. W. E. Garforth. 

"Horiaontal and Vertical Sections of Coal-measures from Bishton, Lancar 

shire, to Pontefract, Yorkshire," by Mr. John Gerrard. 
"The Courriferes Explosion," by Mr. A. M. Henshaw. 
"Carboniferous Flora as an Aid in Stratigraphical Classification," by Mr. 

George Hickling. 
"The Boultham Well at Lincoln," by Mr. William McKay. 
"Presidential Address," by Mr. Charles Pilkington. 
"Recent Improvements in the Design of Electric Cables for Collieries," 

by Mr. G. G. L. Preece. 
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''A ComparatiYe Section correlating the Seams in the South and Wert 
YoAshire Coal-fields," by Mr. W. A. Eitaon. 

''Demonstration of the Aerolith Bescne-apparatus/' by Mr. Otto Simonia. 

••The New and the Old Geology ; and New Ideas of Matter," by Mr. 
Mark Stirrup. 

"The Eock-salt Deposits at Preesall, Fleetwood, and the Mining Opera- 
tions Therein," by Mr. F. J.* Thompson. 

"The Formation of Coal-balls in the Coal-measures," by Mr. David M. S. 
Watson. 

"Report of the Delegate to the Meeting of the British Association for 
the Advancement of Science, York, 1906," by Mr. William Watts. 

"Cage-lowering Tables at New Moss Colliery," by Mr. T. H. Wordsworth. 

The attention recently directed by the Royal Commission on 
Mines to the question of rcscue*apparatus has resulted in a num- 
ber of these appliances having been brought forward for discus- 
sion during the session, and members have had an opportunity 
of testing the merits of several types, including the Weg and the 
Aerolith. 

The following papers, printed in the Transactions of The 
Institution of Mining Engineers, have been discussed at the 
meetings during the session 1906-1907, in addition to the discus- 
sion on papers contributed specially to this Society's Transactions. 

"The Value of Fossil MoUusca in Coal-measure Stratigraphy," by Mr. 

John T. Stobbs.* 
"The Courriires Explosion," by Messrs. W. N. Atkinson and A.. M. 

Henshaw.f 
"Bescue-apparatus and the Experience gained therewith at the Courri^rca 

Collieries by the German Rescne-party," by Mr. G. A. Meyer, t 
"A New Apparatus for Bescne-work in Mines," by Mr. W, E. Garforth.§ 

Resulting from the discussion on Mr. John T. Stobbs's paper 
on "The Value of Fossil MoUusca in Coal-measure Strati- 
graphy," a MoUusca Search Committee has been formed, and a 
number of valuable specimens (both marine and freshwater) have 
been placed by Mr. John Gerrard, the chairman of the com- 
mittee, at the disposal of members interested. The Council com- 
mend this work to the consideration of members, believing that, 
if followed up, it will be of great assistance in the more definite 
correlation of the Coal-measures in this and other districts. 

• Trana, hist. M. E., vol. xxx., page 443; and Trans. M. O. M. 8., voL 
xxix., page 323. 

t Trans, Inst. M. E., vol. xxxii., page 439. 

J Ihid., vol. xxxi., page 675. § Ibid., vol. xxxL, page 626. 
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Two general meetings of The Institution of Mining Engineers 
have been held during the past year. The London meeting was 
held at the Geological Society's rooms, on June 13th and 14th, 
1907, when the President,. Mr. Maurice Deacon, delivered an 
important Address to the members, and the following papers were 
read: — 

"ImproTements Bequired in Inland Navigation/' by Mr. Henry Rudolph 

de Salis. 
"A Bye-product Coking-plant at Clay Cross," by Mr. W. B. M. Jackson. 
"Notes on Bye-product Coke-ovens, with Special Reference to the Koppers 

Oven," by Mr. A. Victor Kocha. 
"Water-supplies by Means of Artesian Bored Tube-wells," by Mr. Herbert 

F. Broadhurst. 
"Gypsum in Sussex," by Messrs. W. J. Kemp and G. A. Lewis. 
"The Application of Duplicate Fans to Mines," by the Rev. G. M. Capell. 
"The Reform of British Weights and Measures," by Mr. Austin Hopkinson. 
"The Thick Coal of Warwickshire," by Mr. J. T. Browne. 
"The Ozokerite or Mineral- wax Mine of the Galizische Kreditbank at 

Boryslaw, Galicia, Austria," by Mr. D. M. Chambers. 
"Notes on the Structural Geology of South Africa," by Dr. C. Sandberg. 
"New Rand Gold-field, Orange River Colony," by Mr. A. R. Sawyer. 
"Cast-iron Tubbing: What is the Rational Formula?" by Mr. H. W. G. 

Halbanm. 

A number of papers printed in the Transactions were dis- 
cussed, and visits were made to the Park Boyal generating- 
staticm of the Great Western Railway Company, and the Knight, 
Bevan & Sturge cement-works, at Northfleet, of the Associated 
Portland Cement Manufacturers (1900), Limited. 

The annual general meeting of The Institution of Mining 
Engineers was held at SheflSeld, at the University, on September 
4th, 1907. The annual report and accounts were read, together 
with the following practical mining papers: — 

"The Sinking of Bentley Colliery," by Messrs. J. W. Fryar and Eobert 

Clive. 
"Boof -weights in Mines/' by Mr. H. T. Foster. 
"Deep Boring at Barlow, near Selby," by Mr. H. St. John Dumford. 

Excursions were arranged to the works of Messrs. Hadfield's 
Steel Foundry Company, Limited, and of Messrs. William Cooke 
and Company, Limited ; to the deep sinking at Bentley colliery ; 
the extensive plant at the Silverwood colliery, belonging to the 
Dalton Main Colliery Company, Limited; Messrs. Samuel 
Osborne and Company's steel-works, and the Derwent Valley 
waterworks. 
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The representatives of the Society on the Council of The 
Institution of Mining' Engineers for the year 1907-1908 are: — 
Mr. John Ashworth, Mr. Charles Pilkingrton, Mr. Henry Bramnll, 
Mr. John Gerrard, Col. George H. HoUingworth, and Mr. Sydney 
A. Smith (Honorary Secretary). 

Mr. Charles Pilkington (President) and Mr. Henry Bramall 
were appointed by the Council as representatives of this Society, 
and gave valuable evidence before the Home Office Departmental 
Committee in reference to the proposed Miners' Eight Hours Bill. 

Mr. Charles Pilkington and Mr. Sydney A. Smith have been 
invited to join the committee of the Mining Engineering Section 
by Mr. Maurice Deacon, the chairman, to represent this Society 
on. the arrangements now being made in connection with the 
Franco-British Exhibition, to be held in London from May to 
September, 1908. Both gentlemen have accepted the appoint- 
ment on behalf of the Society. 

Prof. W. Boyd Dawkins was appointed to represent this 
Society at the centenary meeting of the Geological Society of 
London from September 26th to September 30th, 1907, and pre- 
sented a congratulatory Address from the Society. 

A new and enlarged edition of the Library Catalogue has 
been printed, and is available for the use of members. The ex- 
pense of compilation and printing of this catalogue is consider- 
able, and your Council hox>e that the benefit to members will be 
appreciated, and that a still greater use will be made of the valu- 
able collection of books and general geological and mining litera- 
ture, augmented during the year by several recent works on 
mining and mineralogy, together with a number of sections. 
Several new exchanges have been arranged, as a result of which 
the collection of serial publications will be made still more useful. 
The number of periodicals devoted to mining has also been 
increased. 

Further additional exchanges have been arranged through 
The Institution of Mining Engineers, and the publications are 
added to the Library as issued by the following Institutions, 
Societies, etc. : — 

Annales des Mines de Belgique. 
Cuerpo de Ingenieros de Minas del Peru. 
Geological Institution of the UniTersity of Upsala. 
Institution of Mining and Metallurgy. 
Masaachusetts Inatitnte of Technology. 
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Mining Society of Nova Scotia. 

North-East Coast Institution of Engineers and Shipbuilders. 

Rugby Engineering Society. 

Sociedad Nacional de Mineria de Santiago de Chile. 

Maryland Geological Survey. . 

MiBsouri State Bureau of Geology. 

Mining and Geological Institute of India. 

Comite Central des Houill^res de France. 

Revue Universelle dee Mines et de la M^tallurgie. 

Lake Superior Mining Institute. 

The following direct exchanges have also been arranged dur- 
ing the year: — 

Gtclo^ical Survey of Ireland, The Etigineer, 

The Naiuraiut, The Electrical Emjitteer, 

Mining Engineering, P(uje*s Weekly, 

The Practical Engineer, The. Machinery Market. 

The Mechanical Engineer. 

The Honorary Treasurer's accounts show that the financial 
position of the Society continues in a satisfactory state, despite 
the considerable expenditure incurred in the compilation of the 
Library Catalogue, the binding of a large number of Trans- 
actions of the various Institutes for past years, and general im- 
provements in the library. Eighty-six volumes have been bound 
during the year. In this respect, the disbursements of the current 
year may be regarded as covering several sessions, and the bank 
balance (now £51 10s. lid.) may consequently be expected to 
assume a much larger total at the close of the year 1907-1908. 

While thanking those members who have during the past ses- 
sion communicated papers and interesting articles at the meetings 
of the Society, your Council would again urge upon members the 
desirability of further supporting the Society's work by contribut- 
ing papers which are likely to benefit the members, and by intro- 
ducing eligible gentlemen to membership. 



The Chaieman (Mr. Henry Bramall) moved the adoption of 
the Council's annual report and accounts. 

Mr. W. PicKSTONE seconded the resolution, which was approved 
and adopted. 

The Honorary Treasurer's Annual Statement of Accounts was 
read as annexed. 
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ELECTION OF OFFICERS, 1907-1908. 
The following officers were elected for the ensuing' year : — 

PBssiDmr: 

Mr. JOjSN ASHWOBTH. 

ViCb-Pbbidkmtb : 
Mr. W. K. Gabfobth, M.IiiBt.C.K | Mr. William Piokstokb. 
Mr. GBOBflK B. Harbison, H.M.LM. I Mr. T. H. Wobdswobth. 

HoNOBABT Tbbasubbb: Mr. Geobgb H. Hollikowobth, F.G.8. 
HoNOBABT Skobbtabt : Mr. Stdnbt a. Smith, Aatoc.M.In8t.C.E. 



COUKOILLOBS: 



Mr. H. Staklbt Athbbtov. 

Mr. G. F. BoucHiBB. 

Mr. ViKCBNT Bramall. 

Mr. Lbonard R. Flbtchbb. 

Mr. D. U. F. Mathbws, H.M.I.M. 

Mr. W. Ollbbbkshaw. 



Mr. Gbobob H. Pkacb, M.Iii«t.C.E. 

Mr. LlONBL E. PlLKlNOTON. 

Mr. ALniD J. Tomob. 

Mr. Jesse Wallwobx. 

Mr. Geoboe H..WiifSEANLBT, F.G.8. 

Mr. Pebct Lee Wood. 



Mr. ViNGEKT Bbamall. 



HONORABT AUDITOBS: 

I Mr. Geoboe H. Wihstanlet, F.G.S. 



"new Oscmbcxe (federated) : 



Beales, Heubt Batson | 
Bbookino, Johk Hekbt j 

Chiloote 
Bbown, Fbancis Vebill 
Ghbistopher, Geoboe 

Alfbbd 
Cboss, T. Ouveb 



Files, James 
Fletcher, Clement 
HoBBS, William Low* 

bbidoe 
Huntbb, Shebwooo 
MiLLWABD, Albert Ed- 

WABD 



Oldfield, William 
Rabt, Gbegobt 
Stone, Tom 
Tatlob, Hugh Fbank 
Watson, Pebcy Hou- 
ston SWANN 
Williams, Thomas 



"new Bedoctatei-Aemberd (federated): 
CiTNLirFE, Jambs i Sohembeb, Fbiedrich 

Dubois, Marcel | Wainewbight, Wilfbid Benjamin 



"new B660Ciate6 (federated): 

Galufobd, John | Wynne, Geobge Reynolds 



new student (federated): 

Bolton, H. Habgbeaves, Junb. 



Dew Aemder (noni-f ederated) : 

AoKROTD, Alfbbd 
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StttOenUAemberd (federated) traitdterred to Aemberd (federated): 

Magalpikx, Giosgk L. | Cbankshaw, Hugh M. 



Aember (federated) traneferred to ^rdinars Aember ; 
Platt, S. S. 



ton. Aember Deceased : 

Stibbup, Mark 



Aemder (federated) Deceased : 

Grant, R G. 

Aember cnotti-f ederated) Deceased : 

JOBLINO, HeNRT 



Zbc toilowUxQ bnve ceased to be Aembers : 



BODKN, PSTKR 

Brooking, J. H. C. 
Dkanb, a. 
Flktchbr, Arthur 
Flrtghsr, Thomas 



Aroksahy, M. R. 
BxnEiKE, Harry 
CoLLixR, Rbv. E. C. 
Davidson, Robbkt 



Mbmbbrs (Fbdbratbd). 

£VAN8, RoBBRT 

Gam LBN, Robert L. 
Johnson, Wiujam 
PowBR, Thomas 

RuSCOB, TH0MA8 



Ordinary Mbmbbbs. 

Gkeoson, G. £. 
Hbather, Frank 
Hutchinson, J. W. 
Jobling, Albbrt 



Rothwbll, S. • 
Scarborough, G. K. 
Shaw, Alfred 
Young, William. 
(Thurles) 



Salisbury, S. 
Setti^b, Joel 
Wasley, J. C. 



LIST OP EXCHANGES. 

SOCIETIES WITH WHICH THE SOCIETY EXCHANGES 11^ TRANS- 
ACTIONS, AND INSTITUTIONS AND JOURNALS TO WHICH A COPY 
IS SENT FREE. 

(* Exchange through the InBtitution of Mining Engineers.) 
I. — ^England. 

London British Association for the Advancement of Science, Burl- 
ington House, London. 

British Museum, the Superintendent, Copyright Office. 

British Museum Library, Natural History Department, Crom. 
well Boad, Kensington. 

Geological Society, Burlington House; W. 

Geologists' Association, University College, Qower Street, 
W.C. 
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^Institution of Mechanical Engineers, Storey's Gate, St. 

James's Park, Westminster, S.W. 
^Institution of Mining and Metallurgry, Salisbury House, E.C. 
Iron and Steel Institute, 28, Victoria Street, S.W. 
Royal Society, Burlington House, W. 

Manchester The Manchester ■ Association of Engfineers, Grand Hotel, 

Aytoun Street. 
Free Library, King Street. 

Literary and Philosophical Society, 36, George Street. 
Victoria University. 

Bristol ^British Society of Mining Students, 22, Cromwell Boad. 

Cambridge Geological Museum, University. 

Cardiff *Soi|th Wales Institute of Mining and Mechanical Engineers, 

Park Place, Cardiff. 

Cormoall Royal Institution, Truro. 

Hull Yorkshire Naturalists' Union (T. Sheppard, F.G.S., Municipal 

Museum, Hull). 

Leeds Yorkshire Geological Society, the Museum, Leeds. 

Liverpool Free Library and Museum. 

Newcastle-upon- ) North of England Institute of Mining and Mechanical 
Tyne ) fingineers. 

^North-East Coast Institution of Engineers and Shipbuilders, 
4, St. Nicholas Buildings, West. 

liugby •Rugby Engineering Society, Benn Buildings. 

Salfcrd Royal Museum and Library. 

Wigan Free Library. 

Mining School. 

n. — Scotland. 

Edinburgh Edinburgh Geological Society, India Buildings, George IV. 

Bridge, Edinburgh. 
^ Ghtsgow Geological Society. 

ni. — Ireland. 

D ublin Royal Dublin Society. 

Geological Survey of Ireland, 14, Hulme Street, Dublin. 

IV. — ^AUSTKALL^. 

Melbourne Public Library of Victoria. 

Sydney Department of Mines. — The Government Geologist, New 

South Whales. 

v.— Canada. 

Halifax •liining Society of Nova Scotia. 

Montreal , •Canadian Mining Institute, 413, Dorchester Street, W., 

Montreal. 
OUawa Geological Survey of Canada (Director, Museum, Sussex 

Street, Ottawa). 
Toronto Canadian Institute, 68, Richmond Street, East. 

VI.— Indli. 

Calcutta Geological Survey of India. 

•Mining and Geological Institute of India. 
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"VII. — Unttbd Statbs. 

Baltimore •The Maryland Geological Survey (The State Geologist, Johns 

Hopkins University). 

Boston ♦Massachusetts Institute of Technology. 

Camhridgt,M(is-) 
sachusHts ) J>*"8eura of Comparative Zoology, Harvard College. 

Columbus, 0/iio... Geological Survey of Ohio. (The State Geologist.) 
Iloughfofit W--. , . ■«-.. . 

Michigan Michigan Mining School, Houghton. 

Indiana Department of Geology and Natural Resources (W. S. Blatch- 

ley. State Geologist, Indianopolis). . 

AT A ■/!»' ^' *^*^® Superior Mining Institute. 

Minneapolis Geological and Natural History Survey of Minnesota. 

Xew York American Institute of Mining Engineers (R. W. Raymond, 

Secretary, United E3ngineering Society Buildings, 29, 
West 39th Street, New York City). 

Philadelphia Franklin Institute. 

Bolla, Mo Missouri Geological Survey. 

Scranton, Pa Editor of "Mines and Minerals." 

Washington Library of the U.S. Geological Survey. 

Smithsonian Institute. 

Vni.— FORKION. 

Berlin Gesellschaft fur Erdkunde. Wilhelmstrasse, 23, S.W. 

Brussels ♦ Annales des Mines de Belgique. 

ChUe •Sociedad Nacional de Mineria de Santiago de Chile. 

Halle an der 

Saale Verein fur Erdkunde. 

Liige *Revue Universelle des Mines et de la M^tallurgie, Rue 
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Mr. Jonx Ashwoeth, in taking the chair, returned thanks for 
the honour conferred upon him in electing him President for the 
ensuing year. He greatly appreciated the honour, and would, he 
said, do his best for the interests of the Society. 



Mr. W. A. RiTSON moved that the thanks of the Society be 
tendered to the officers and Council for the past year. 

Mr. Gerald H. J. Hoogiiwinkel seconded the resolution, 
which was cordially approved. 



Mr. James Ashworth read the following paper on " Air- 
percussion and Time in Colliery Explosions " : — 
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AIR-PERCUSSION AND TIME IN COLLIERY 
EXPLOSIONS. 



Bt JAMES ASHWORTH. 



The writer, having carefully considered all the published in- 
formation, and the reports of discussions on the Courriferes explo- 
sion, has not found a theory which would satisfy what he has 
deduced as some of the leading indications, thus: — (1) In the 
LecGBUvre gallery (fig. 11, plate xxv.),* there was the clearest 
evidence of a developed force at a distance of 43 to 46 feet (13 to 
14 metres) from the face of the gallery. Here the floor of the 
gallery was lifted, principally on the lower side, the tramroad- 
rails were forced towards the higher side of the road, and the 
lower-side rail was raised much above its normal level ; two iron 
air-pipes (No. 139) were pounded into very small pieces (89 being 
counted); the roof at this point was much damaged, causing a 
heavy fall ; one man (No. 129) was thrown outbye, with one leg 
and one arm torn off, and these were found further outbye than 
the body, which was also entirely denuded of clothes ; a force also 
radiated from this point inbye and moved the ventilating air- 
pipes (Nos. 118, 119, and 120) out of position similarly to the 
tram-rails; the tram (No. 66) which was being loaded at the 
moment of the explosion, was driven inbye, clear of the end of 
the rails, and partly over the handle of a shovel (No. 64), the iron 
part of which was in the heap of coal at the face, whilst Leroy 
Regis, who had been using the shovel and loading the tram, was 
thrown on his back on to the top of the heap of coal, and, though 
his trousers were torn to pieces, the lower parts remained around 
his legs ; his lamp (No. 46), still attached to the band of his hat, 
was found close to and not covered with coal; a one-ended pick 
(49) was lying on the top of the heap of coal, a hammer (No, 61) 
and wedge (No. 68) were in the middle of the level, close to the 
tram, but no miner's pick was found near the face ; on the heap 
of coal was part of the coal-cutter trestle (No. 149), and on this 
* Trans, Ifui, M. S.^ 1906, toL xxxiL, pitge 492. 
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lay the naked bodies of Arthur and Joseph LeccBuvre, with a prop 
and other wood on the top of all ; many pieces of torn clothing 
were found between the tram and the lower side, also a plank 
off the tram, a very short bit of burnt fuze, and a miner's shoe ; 
a torn hat in front of the tram; the lamp (No. 26) of Joseph 
LeccBuvre was found on the opposite side of the level to his body 
and 39 feet (12 metres) farther outbye; a small piece of fuze 
(No. 150) was found on the coal-cutter platform, another and the 
longest piece (No. 138) where the floor was disturbed, and another 
short piece (No. 28) between Henri Lecoeuvre (No. 128) and his 
right arm. 

(2) The box (No. 81) containing seven cartridges of No. 1 
Favier powder, which had been taken out of store on the morning 
of the explosion, was found intact near the cut-through into the 
parallel heading ; and near to, on the opposite side of the level, a 
short piece of burnt fuze (No. 25), and about 16i feet (5 metres) 
outbye, on the same side, a ring of unburnt fuze (No. 9). 

(3} No detonators were found. 

(4) The remaining part of a shot-hole, in the face of the 
gallery, was similar to that of a shot-hole found in the face of the 
parallel heading. 

(5) A comparison of the positions in which the tools in the 
gallery were found with those in the parallel heading gives a 
practical idea as to where the coal-cutter platform, the drilling- 
machine and drills would be placed when not in use, as the same 
men used them in both headings. 

(G) In the Marie seam, north-east workings from the 1,070 
feet (326 metres) north bowette of No. 3 pit, safety-lamps were 
alone used for lighting (fig. 8, plate xxii.).* 

(7) These Marie-seam workings adjoined a fault, and no other 
seam of coal was worked below it on the north side of the pit 
(fig. 2, plate xvii.).t 

(8) The indications of force from the Lecoeuvre gallery were 
not directly towards No. 3 pit (fig. 7, plate xxi.).J 

(9) Where the recoupage or recovery-drift, at 1,070 feet (326 
metres) joined the Marie seam north-east workings, there had 
been a door, the position of which was not exactly known ; and 
therefore it was not possible to determine its projection, as there 

* Trana, Inst. M. E,, 1906, vol xxxii, page 492. 
t Ibid. X ^W«- 

21 
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was a heavy fall of roof for g, long distance on botli sides of its 
place ; to the south-east of the recoupage or recovery-drift, there 
was very good evidence of force by the inclination of timbers, 
all falling towards the south-east. To the north-west of the 
recovery-drift, there was an indication of force towards the north- 
west : the wheel of a tub was thrown 16i feet (5 metres) away in 
that direction. There were contrary evidences of the same im- 
portance farther west in the Marie north-east district. In the 
recovery-drift itself, there was a very heavy fall of roof and no 
evidence of the direction of the force (Mr. G. Leon). The men in 
the Marie seam were all killed and burned. 

(10) The indications of force emerging into the bowette at 
1,070 feet (326 metres) from the Marie north-east district were 
both towards the north and the south in the bowette, and into the 
west wockings of the Marie seam, but principally southwards 
towards No. 3 pit. 

(11) The wet condition of the 1,070 feet (326 metres) north 
bowette did not restrain the flame of the explosion. 

(12) No. 3 pit was the main downcast pit for all the seams 
affected by the explosion; and, therefore, as soon as it became 
choked with debris, the whole of the residual force of the explo- 
sion, and the deleterious gases produced, were compelled to 
attempt to find an exit principally through Nos. 2, 4, and 11 pits. 

(13) Very heavy percussive effects were produced on the seams 
affected by the explosion. 

(14) Two fires were discovered in the Josephine workings be- 
tween Nos. 2 and 3 pits,* some days after the explosion, and both 
were on the inbye side of goaves. 

With these proved facts in mind, and considering the whole 
area of the mines affected by the explosion, it is practically cer- 
tain that the explosion originated in the workings of No. 3 pit ; 
that the centre of the demonstrated force was about the point 
where the return-air from the south-east Marie workings joined 
the recovery-drift at its western end ; that there was practically 
a simultaneous explosion in the LecoBUvre gallery at a point 46 
feet (14 metres) from the face, that is, where the air-pipe was 
broken into 89 or more pieces (fig. 11, plate xxv.) ; t that the up- 
heaval or disturbance of the floor at this point indicated, either 

* Tran8. Inst. M, E., 1906, vol. xxxii., page 461, and fig. 7, plate xxi 
t Ibid., page 492. 
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an outburst of gas, or the accidental ignition or detonation of an 
explosive above the air-pipe. Now, as an outburst of gas could 
not smash the air-pipe in the way described, neither could a blown- 
out shot do so, and the writer prefers to conclude that an explo- 
sive, probably introduced into the pit surreptitiously, was ignited 
or detonated. There was no surveillance of the^ miners calcu- 
lated to prevent them taking any sort of explosive into their 
working-places, especially in this gallery, where the men fired 
their own shots' and were therefore uncontrolled. From the posi- 
tion of the drilling-machine and drills, the writer believes that 
Henri Lecoeuvre was making a cartridge, and that the brothers 
Arthur and Joseph were carrying the drilling-tackle towards the 
face at the moment of the explosion.* 

This supposition, however, does not apparently fit in with the 
fact that the largest part of a trestle, which was used in connec- 
tion with the Sullivan coal-cutter, -was found partly on the top 
of one of the brothers Lecoeuvre, and the other brother on the 
top of the trestle, whilst the remaining part of it (No. 62) was 
found between the tram and the face of the level. The photo- 
graphs taken by Mr. A. M. Henshaw show the positions of the 
bodies and materials so clearly, that everyone can decide for him- 
self whether or not the force which piled up the men and 
materials in this manner went inbye or outbye, from the shot- 
' hole, and whether or not a prop and other pieces of timber had 
followed the projection of the bodies. It does not seem possible 
to imagine any sort of force originating at the face which could 
force the bodies and materials into the positions shown (figs. 18 
and 21).t 

The writer's supposition that some explosive was accidentally 
fired whilst in the hands of Henri Lecoeuvre would be very much 
strengthened if it were known what was the course ordinarily 
pursued by the Lecoeuvre brothers, that is to say, whether they 
drilled the shot-hole and then holed the coal, or whether they 
holed the coal first and drilled the shot last. The plans show 
quite distinctly that it was possible to drill a hole whilst Regis 
was loading the coal, but impossible to hole the coal ; and as these 
men do not seem to have had any other work to do than prepare 

* After the Femie colliery explosion in 1902, one of the miners was 
found with a piece of paper rolled on a pick-elve, to make a cartridge, and yet 
no hole was drilled ready for a shot. 

t TVnjM. Inst. if. E.^ 1906, yol. zxxii., pages 469 and 472, 
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a shot-hole, this appears to be the most practical supposition. In 
some confirmation of this supposition, there is the fact that the 
longest piece of burned fuze was found at the point where the air- 
pipe was smashed into fragments, and the drilling-tackle in the 
middle of the road. 

This explosion conveys the very strong impression that it was 
of a complex character, (1) that it originated in or near to the 
north-east Marie workings in No. 3 pit, where there was a single 
door which might have been open ; (2) that the indications of force 
were found to radiate from this point, and also to a less extent 
from the Lecoeuvre gallery ; (3) that the explosion in the Marie 
seam produced a detonating or percussive effect on the Lecoeuvre 
gallery and fired an explosive compound ; (4) that the enormous 
air-pressure resulting from these almost simultaneous explosions 
was completely bottled up by the caving in of No. 3 pit; (6) that 
the burning effects, coking of dust, and enormous volumes of 
carbon monoxide were caused largely by air-pressure, and not 
by what is termed a " coal-dust explosion." Coal-dust doubtless 
added to the force of the explosion at its initiatory points, but the 
main cause of the extent and magnitude of the disaster was air- 
peroussion. 

The writer does not expect that many students of colliery-ex- 
plosion phenomena will at first agree with his deductions as to the 
effect of percussion ; but he is supported by actual facts, and par- 
ticularly by a disaster which occurred in the Mount Eembla 
mine in New South Wales in 1902, when 96 lives were 
lost in a mine free from fire-damp, and where every man used an 
open light. Shortly stated, that disaster resulted entirely from 
a huge fall of roof, which so heavily compressed the air along one 
particular haulage-road as to create enormous volumes of carbon 
monoxide and damage, which was entirely confined to the haul- 
age-road. The dust thus lifted off the floor and sides was carried 
along like a bullet in a gun, and became so highly heated by 
pressure and friction that, on being disseminated in the outer air, 
it burst into flame, wrecking the surface plant, setting materials 
on fire, and burning and killing several persons.* 

Probably every large colliery-explosion in Great Britjin has 
demonstrated percussive or detonating effects, and only one of 

• Mount Kembla Colliery Dimster, SI July, 190£ : Report of the Boyal 
Commissum, togethf.r ^nth MimUes of Evidence and Exhibits, Sydney, 1908. 
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these, at Udstoii colliery, has received official recognition, 
namely, in the report of Mr. Joseph Dickinson,* but the writer 
thinks that this phenomenon has not been followed up by its 
diagnoser, or by any other investigator excepting himself. 

At the Femie mine in British Columbia, peculiar effects were 
observed and were attributed to the inexplicable vagaries of 
colliery-explosions, whereas they became perfectly clear when ex- 
amined by the aid of the percussive or detonative theory and as 
resulting from practically simultaneous explosions of nearly 
every can containing powder in every part of the mine affected 
by the explosion. This explosion was described in a paper,t con- 
tributed to The Institution of Mining Engineers in 1902, as a 
coal-dust explosion, but it had none of the characteristics of a 
coal-dust explosion : that is to say, it did not traverse the main 
haulage-road, but developed its greatest force from the gas in 
the main return-airway, from which road the force swept broad- 
side on and crossed the main haulag&-road through practically 
every stopping, from east to west. In the case of Femie, as at 
Courri^res and at Mount Eembla, the agent most destructive to 
human life was carbon monoxide and not flame. 

One other point of the greatest importance in the elucidation 
of colliery-explosion phenomena is that of " time " ; thus, if we 
follow Che popular idea of a coal-dust explosion, time must be 
allowed for the distillation of gas, the ignition of this gas, and 
many repetitions of this process; but, unfortunately for the 
theory, there is no evidence of such a period of time as would be 
necessary thus to carry flame throughout the ramifications of a 
mine like Courrieres. Taking the latter as an example, the 
evidence showed that instead of the force increasing after it had 
caused the blockage of No. 3 shaft, it actually decreased, was 
not perceptible at the top of No. 2 shaft, and did very little 
damage at the tops of Nos. 4 and 11 shafts. Had the precise time 
of the arrival of the explosion-effects at the tops of, say, Nos. 3 
and 4 shafts been taken, very valuable information would have 
been added to our knowledge of colliery-explosions, and the 
. writer is confident that it would have proved that an explosion is 

ExploAums ( UdsUm CoUiery) : Report to the Secretary of State for the Home 
\ment, by Measrs. J. Dickinson, 
Maconochk, Advocate, 1887 [C- 5192]. 



Department, by Measrs. J. Dickinson, H.M. Inspector of Mines, and G. G. 
'• Vdv 



t "The Fernie Explosion,'* by Mr. W. Blakemore, T'miM. hiat. M. K, 1902, 
YoL xziv., page 450. 
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more or les^of an instantaneous character. It has been observed 
in all cases where smoke and dust have been projected from 
the pit-tops or other openings, that this effect only occupies a few 
seconds of time, and that the column of dust is then cut off as if 
by a knife, part immediately rushing back into the workings to 
fill the vacuum caused by the condensation of the heated gases 
and steam, and thus causing backlash and other contrary effects 
underground. 

The instantaneousness of a colliery explosion is also clearly 
demonstrated by the positions in which men are found, many of 
them in the precise positions in which they were at the moment, 
such as eating food, and the effect on men who have escaped alive 
has been of such a temporary character as not to alarm them or 
cause them to cease work, although the sudden pressure of the air 
has always been noticeable in the stoppage of watches on the 
persons of both the living and the dead. Nothing could more 
convincingly show the instantaneousness of colliery-explosions 
than such facts as these, coupled with the firing of shots and 
powder cans at distances of upwards of a mile from the point of 
origin, as at Tylorstown and Fernie collieries. 

The importance of taking time into account when look- 
ing for the point of origin of an explosion, was demon- 
strated by the explosion at the Albion colliery in 1906.* There 
were two falls of roof on a main level at a distance of 240 feet 
apart, and the evidence given by the men working at the one 
nearest the pit-shaft was that the explosion occurred about 5 
minutes after the largest fall took place, and that the volume of air 
was 20,000 cubic feet per minute passing along a level which at the 
double parting was 13 feet wide. The roughest calculation will 
show that any gas given off by this fall must have passed the 
second fall long before the explosion took place, and that it was 
therefore the second fall that forced flame through a sound 
bonneted Clanny safety-lamp placed on the floor immediately 
underneath, where it was subsequently found by the first ex- 
plorers. 

* ** Report on the Accident at Albion Ck>llier7," by Mr. F. A. Gray, H.M. 
Inspector of Mines, Reports of W, N. AtkinsoUy H,M, Superiutendifig Inspector of 
Mines, and h\ A, Gray an<2 J, Dyer Leicis, H,M, Inspectors of Mines, for the 
Cardiff and Sioansea Districts {Xos, JO and ll)y to His Majesty s Secretary qf State 
for the Home Department^ under the Coat Mines Beguiation Acts, 1887 to 1896, the 
Metalliferous Mines BeguUUion Acts, 1872 and 1875, and the Quarries Act, 1894, 
far the Year 1906, 1907 [Cd. 3449— IX.], page 24. 
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The caying-in of No. 3 shaft at Courri^res collieries caused 
similar effects to that of bursting a boiler by holding down the 
safety-valve, and as all the haulage-road connections with Nos. 4 
and 11 shafts were close to No. 3 shaft on the south bowette, the 
pent-up force had naturally to expend itself in that direction. 
Although the Ste. Barbe and Cecile roads were either too dirty 
or too dusty to carry flame, yet the mechanical effects of tl\e 
explosion were demonstrated along them all the same. 

The writer is of opinion that the Courriferes disaster was only 
to a certain extent a coal-dust explosion, and that the partial 
coking of dust, burning effects on some of the bodies, and the huge 
production of carbon monoxide, were due to percussive effects and 
not to actual flame, excepting only where flame was produced by 
the firing of stores of explosives at various points, as at Femie 
colliery. 

The most important lesson taught by the Courrieres explosion, 
as well as by some colliery-explosions in this country, is not 
that of the danger of working a large number of mines connected 
together for convenience of ventilating arrangements; but the 
danger of having shafts so insecurely lined and so filled with 
material, bratticing especially, that either an explosion or an 
accident with the winding-arrangements may cause a block in 
the shaft and entirely preclude all hope of saving the majority 
of the persons underground. Consequently, if No. 3 pit at 
Courriferes collieries had remained open, and the rescue-parties 
could have entered the mine without delay, the loss of life would 
have been comparatively small. 



Mr. Joseph Dickinson (Pendleton), in moving a vote of thanks 
to Mr. James Ashworth, said that observations on the time occu- 
pied in explosions were rather rare, persons at such times having 
usually their attention otherwise occupied. To some extent he 
agreed with what was stated by Mr. Ashworth in his paper, but not 
entirely. Indeed, of the many explosions that he had investigated, 
he never but once actually took the time. On one occasion he felt 
the suck, and, guessing what was coming, he lay down in the 
gutter until the blast had passed : it seemed to occupy a long time. 
The time would most likely vary with the quantity of gas, its 
mixture with air, and the point of ignition. In former times. 
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when gas was burnt out to admit of shots being fired, he had 
seen the flame travel slowly. 

The explosion which he timed occurred in the Limehurst col- 
liery, Ashton-under-Lyne, where three seams of coal were being 
worked. On August 5th, 1884, the Two-feet seam was giving off 
fire-damp freely; and, as height was required in the roadways, 
blasting was resorted to under the restrictions, including ordinary 
work-persons being out of the mine. At one part fire-damp began 
to issue very freely, causing the manager to issue a written notice 
forbidding blasting. Notwithstanding the notice, a shot-lighter 
fired a shot, and lighted the issuing gas. He tried to flap out the 
flame, but failed. The manager was called, and came forthwith 
with help, and they did what they thought best, but without much 
effect; and soon afterwards the consulting mining engineer ar- 
rived. Efforts were continued, the flame kept burning, and gas 
kept flashing at intervals overhead, tumblin^r the party about 
until they became disheartened. Mr. J. S. Martin, then Assistant- 
Inspector of Mines, arrived ; and another effort was made, about 
twelve fire-extincteurs being applied, but the gas kept burning 
as it issued, and the packing took fire. He (Mr. Dickinson) visited 
the colliery, and found that it was being flooded with water, but 
with air still passing through the workings, and that it would take 
at least a fortnight before the water could rise high enough to shut 
off the air from the fire, during which time the fire would be 
spreading. It was resolved to shut off the fire ; but with so much 
gas it was thought unsafe to do so by building stoppings or by 
closing the top of the shafts ; it was, therefore, arranged to use two 
wooden air doors which, with a little preparation and some sand, 
could be quickly closed tightly. Preparations being thus made, all 
ascended the shaft and a consultation was held. Four volunteers 
undertook the closing, and descended the shaft. In 10 minutes, 
having closed the doors, they re-ascended; and, 13 minutes 
later, the mine exploded, going off like the crack of artillery. 
Dense black smoke flowed out of the upcast shaft, and continued 
for nearly half-an-hour. Two of the volunteers were members of 
this Society, Mr. Robert Winstanley and Mr. Walter Evans. The 
disobeying fireman was prosecuted, and fined 5s. and costs: a 
trifling sum compared with the damage done. Had building-off 
instead of closing-doors been adopted on this occasion, all the 
persons engaged in the operation would have been lost. 
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The suggestion made by himself (Mr. Dickinson), as to percus- 
sion or detonation of air assisting the explosion at XJdston colliery, 
was, he thought, concurred in by Mr. Ralph Moore, H.M. In- 
spector of Mines for the district. 

He agreed that dust was only a contributor, and not the main 
factor of the Courrieres explosion. He had previously stated hia 
view that it originated from fire-damp, and was helped on by dust 
and gas in the air and goaves, notably in the just-shut-ofP area sur- 
rounding the fire. He had hoped for some explanation of one of 
the shutting-off stoppings shown on the plans as being in a main 
airway ; but^ so far, none had reached him. 

Mr. Henky Bramall (Pendlebury), in seconding the resolution, 
said that he would like to know the amount of compression that 
must be produced in air before the temperature became so high as 
to fire gas : and he could not see how it was possible for the air in a 
mine to become so compressed as to acquire that heat. He would 
also like to know how carbonic oxide could be generated by com- 
pressing air. No doubt Mr. Ashworth had some explanation, or 
the terms in question would not have been used by him ; but, so 
far, he was at a loss to understand those points of the paper. 

The resolution was carried. 

Mr. Joseph Dickinson said that perhaps Mr. Bramall hud for- 
gotten or did not know Dr. Angus Smith's invention for testing 
fire-damp ; air mixed with a small percentage of fire-damp became 
readily ignited by compression. Mr. Dancer made a similar 
instrument, and with it he (Mr. Dickinson) experienced no diffi- 
culty whatever in producing sparks from fresh air, although it 
fired much more readily with a mixture of fire-damp. It had one 
peculiarity, that, the air having once been fired, a second spark 
could not be obtained from the same volume of air. 

Mr. Heney Bbamall knew the scientific toy referred to by 
Mr. Dickinson. Granted that one could fire tinder by the com- 
pression of the air in this toy (as only a very moderate tempera- 
ture was needed), even that compression was very much greater 
than could take place in the airways of a mine. He had had little 
experience of explosions, and might be wrong, but he could not 
conceive how so great a compression could be produced in a mine 
as was required for Mr. Dickinson's experiment. 
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Mr. James Ashworth said that he did not think that anyone | 

thoroughly understood percussion or detonation as demonstrated j 

by colliery-explosions ; and he purposely brought this matter for- 
ward for discussion, because it was a subject which required 
thoroughly well ventilating. If a mine were watered, and either 
percussive or detonative effects were produced, then watering could | 

exercise very little protective value. Members would perhaps have I 

noticed on the plan accompanying the report of the Llanerch ex- i 

plosion* of February 6th,1890,that some curious percussive effects j 

were demonstrated. The men in the lower-side headings, and at the 
ends of the levels, were found dead just where they were at work, 
and showed appearances of burning ; whilst the men on the higher 
side, where there was more air-room, were able to run a consider- 
able distance before they succumbed to the after-damp. This ex- 
plosion occurred in a mine worked by open lights. With regard 
to detonation or percussion, whichever was demonstrated in fiery 
colliery-explosions, he understood Prof. H. B. Dixon to say, in 
his evidence given before the Royal Coal-dust Commission, that 
no such thing as detonation could occur, and that the propa- 
gation of flame in a fire-damp mixture was not very rapid ;t 
but later he noted that Prof. Dixon had spoken about the 
detonation of mixtures of air and fire-damp. At the Al tofts col- 
liery explosion, gas was set on fire in the goaf and he (Mr. Ash- 
worth) thought that it was caused by detonation or percussion ; 
but Mr. W. E. Qurforth assured him that it was caused by actual 
flame from the explosion. Whatever caused the actual ignition, 
it was certain that its extinction under the most dangerous con- 
ditions was only accomplished and a further disaster averted 
by the cool-headed bravery of Mr. Garforth and his devoted 
officials and workmen. After the Universal colliery-explosion, 
the expert witnesses could not agree whether the disaster origin- 
ated on the east or on the west side of the shafts, nor in which dis- 
trict it commenced ; but the plans showed that the force of the 
explosion came from the different districts towards the main 
haulage-road. Nevertheless, the only man who came out alive 
was in a direct line between the east and the west districts, and, 

* Report to H.M. Secretary of State for the Homt Department upon the 
Circum^ances of the Lianerch Colliery Eicploinan and the InqueM ConJtequeni 
thereupon, by Mr. H. D. Greene, Q.C., 1890 [C.-6098], page 10 and plan. 

t Fir9t Report of the Royal Commission on Explosions from CoaJ-dust in 
Mines^ 1894 [C. -7401. -I.], vol. iL, minutes of evidence, with appendices and index, 
appendix xxL, page 91. 
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consequently, if actual flame parsed from either side to the other, 
it must have gone over him. Did it pass over him ? In his (Mr. 
Ashworth's) opinion, it did not. 

It remained to be proved whether there was not another factor 
to be reckoned with in colliery-explosions, namely, that of elec- 
tricity. ' He had thought sometimes that there were electrical 
conditions which concerned colliery-explosions, but had been 
assured by electricians that they were impossible ; still later he 
had found that other people were considering the electrical possi- 
bilities — for instance, that damp coal-dust in the air carried a 
charge of negative electricity. 

In the case of the explosion described by Mr. Dickinson, it 
was marked by smoke coming away from the fire. Smoke might 
deaden the speed, or add to it according to the condition of the 
fire, but he thought that it would most probably lower very con- 
siderably the speed of the explosion. 

He (Mr. Ashworth) would be pleased to have the questions 
that he had raised thoroughly discussed, particularly at the 
present time, when watering was generally considered to be a 
necessary safeguard against the extension of colliery-explosions ; 
whereas, if detonation or percussion occurred, it was most prob- 
able that the extension of an explosion would be facilitated 
rather than retarded by watering and sprayinjr. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

Held in the Roobis of the Society, Queen's Chambers, 

5, John Dalton Street, Manohbsteb, 

November 12th, 1907. 



Mr. JOHN ASHWORTH, President, in the Chair. 



The following gentlemen were elected, having been pre- 
viously nominated : — 

Associate Member — 
Mr. George Edward Lomax, Fern Hill, Huyton, Liverpool. 

Student— 
Mr. Theodore Hodson Nuttall, Long Port, Freshfield, near Liverpool. 

Member, non. federated— 
Mr. Benjamin Palin Dobson, South Bank, Heaton, Bolton, Lancashire. 



Mr. John Ashworth delivered the following " Presidential 
Address ": — 



23 



172 PRESIDENTIAL ADDEESS. [Nov., 1907. 



PRESIDENTIAL ADDRESS. 



Bt JOHN ASHWORTH, C.E. 



My first and pleasant duty is to thank you for the honour 
which you have conferred upon me in electing me President of 
your Society. I fully appreciate this honour, and it will be my 
endeavour, with your co-operation, to advance the interests of 
the Society in every way during my term of office. 

This Society was originally a geological society, and it is 
only of late years that the mineralogist has been admitted into 
its fold. This is as it should be, for you cannot wisely divide 
such closely-allied subjects. 

Sir Archibald Geikie says, in his Address at the Centenary 
Meeting of the London Geological Society : — * 

"It has been said that the geologist onght never to forget that the min- 
eralogist was his father. The study of minerals certainly preceded that of 
rocks ; and it should always be remembered that the early mineralogists were in 
reality the first geologists, by whom the foundations of the petrographical 
divisions of geology were laid. But, if the geologist is to own the mineralogist as 
his father, he must surely acknowledge the miner to be his grandfather. 

" For many centuries, and long before the use of scientific mineralogy, most 
of the current knowledge of the nature and disposition of the minerals and rocks 
of the earth's crust sprang out of the labours of those engaged in mining operations. 
It was the business of those men to make themselves practically acquainted with 
the subject, so far, at least, as regarded the facts that had to be attended to in the 
sinking and working of mines. 

« As a rule, however, they did not trouble themselves with explanations or 
speculations as to the origin of the rocks with which they had to deal, and when 
they did so they usually attained to no greater measure of success than other 
theorists before them. But when the miners established mining schools for the 
training of those who were to follow their craft, they took an important forward 
step in paving the way for the creation of a sound geology." 

I think, gentlemen, that we can endorse this statement, and 
the more readily because in a later portion of his Address Sir 
Archibald Geikie made reference to the admirable assistance 
given to geologists by the mining institutions, which were 
originally designed for the practical miner, but eventually 
developed into training colleges for the geologists. 

• Times, September 27th, 1907, page 14. 
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It would ill become me to address you on the vast subject of 
geology, for this Society haa been honoured by many noted 
geologists, of whom I may mention Mr. Joseph Dickinson, who 
has been a member of this Society for over 50 years, and has 
done yeoman service in this branch of knowledge, not only 
for our members but for the country. We have also Prof. 
William Boyd Dawkins, who has laboured in the past, and is still 
an active member am^ongst us, thus forming the link which 
binds the early and speculative work of the Society with the more 
practical and accurate operations of to-day. To the late Mr. 
Mark Stirrup, whose death took place so recently as June last, 
we owe also a great debt for the enrichment of the Transactions 
with extracts and original contributions of a very high stan- 
dard, apart from his labours' as Honorary Secretary for a lengthy 
period. My Address, therefore, will be ra/ther as a mining man 
than as a geologist. 

The various matters relating to the regulations and working 
of mines are too familiar to you to require anything in the nature 
of a review from me. We can still congratulate ourselves that 
this country continues to hold the first place in respect of regula- 
tions for the safe working of mines. This point was conceded at 
the recent Miners' Congress at Salzburg. I am, however, afraid 
that the proposal of the Belgian representative at that Congress, 
namely, that coal-production should be rejrulated by inter- 
national laws, will not prove a very workable proposition, al- 
though it secured the moral support of most of the delegates. 

It is also worthy of note that His Majesty King Edward has 
created a new medal for gallantry in mines and quarries. The 
warrant states that the King is " desirous of distinguishing by 
some mark of our royal favour the many heroic acts performed 
by miners and quarrymen and others who endanger their own 
lives in saving or endeavouring to save the lives of others from 
perils in mines or quarries within our dominions and in terri- 
tories under our protection or jurisdicton.'* The new medal will 
be of two classes, to be designated (1) " The Edward Medal of the 
First Class," in silver, and (2) *' The Edward Medal of the Second 
Class," in bronze. This indicates his Majesty's great interest in 
the efforts made to reduce the danger and the death-roll in col- 
lieries, and such encouragement has been applauded and 
approved by everyone connected with mining. 
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Mining men in this country are in many cases looking 
anxiously for the report of the Royal Commission now taking 
evidence on the safety of mines. The subjects of rescue-appar- 
atus and the best treatment of coal-dust continue to excite the 
keenest interest, and a preliminary report on the first subject 
has already been issued. It is to be feared that far too much 
is expected to result from rescue-apparatus, the cheapest of which 
is very expensive. Up to now, there does not appear to be more 
that one instance of the saving of the life of a miner by such an 
apparatus, and this occurred in an Australian mine, at Bonnie- 
ville, where a miner, having been imprisoned by an inrush of 
torrential rain, was kept alive for nine days through the daring 
and cool bravery of two divers, who made periodical visits with 
food and eventually rescued him, very little the worse for his 
imprisonment. Doubtless, rescue-apparatus will be found of 
great advantage in the case of gob-fires and other similar occur- 
rences underground, but it seems curious that a simple, inexpen- 
sive apparatus called the Denayrouze, which was introduced into 
the country many years ago, was not brought before the present 
Royal Commission. 

On the general subject of rescue-work in mines, it seems to 
me that a great deal more might be done by the Home Office 
in apportioning a considerable sum of money per annum for 
scientific investigations, which would materially tend to increase 
the safety of the persons engaged in our great coal-industry. 

With respect to the attitude of capital and labour, I think you 
will have noticed that there is a strong desire growing up amongst 
all sections of the community that courts of arbitration should be 
formed to settle indus^trial disputes, rather than to be obliged to 
resort to the barbarous practice of strikes. This point was very 
clearly brought out in Mr. Enoch Edwards's speech at Southport,* 
when he strongly suggested the settlement of disputes by means of 
reason and conciliation rather than striking first and adopting 
reason and conciliation afterwards. 

The Miners' Eight-hours' Day Bill will probably become law 
during the next session, and although the conclusions of the 
Parliamentary Committee make light of the assumed loss on a 
production of 25,783,000 tons, calculated on the output for 1906, 
it is not denied that considerable loss will inevitably follow the 

* Manchester CfvardiaUt October 9th, 1907. 
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adoption of such a measure ; and many other expedients are sug- 
gested for mitigating the effects of the proposed reduction iu the 
time underground. The employer's remedy lies apparently in 
the extended use of labour-saving machinery, such as coal- 
cutting machines and conveyors, and in the i^iproved mechanical 
equipment of the mines generally. The Committee admit that 
certain temporary and permanent relaxations of the rigid rule 
might be found necessary in the interest of safe working, and 
that the conditions are variable to such an extent that special 
regulations would be required for certain districts. 

From many of these conclusions it is clear that the operation 
of law will not remove all the intricacies of the existing systems, 
and a hard-and-fast limit of working-time will be found detri- 
mental to the industry, both from the point of view of the employer 
and that of the employed. And, further, is there not some 
reason i.n all these considerations for the feeling that many of us 
have, that these processes of restriction — this law-pervading 
atmosphere dominating^ our industrial and social life — are des- 
troying in our race and nationality that individualism, that 
spirit of self-reliance and of self-restraint which, beyond doubt, 
have had much to do with the industrial as well as the national 
development of England. 

We move in days of big combines and trusts, where every- 
thing is done by concerted moves, and where, except in a few 
brilliant instances, personality is submerged and operations are 
performed mechanically. The danger which I apprehend is loss of 
character by the reduction of the personal element in our under- 
takings, and if we look upon our national industries not merely 
as means whereby men may rapidly and selfishly accumulate 
wealth, but also as means of intercommunication of sympathies 
and goodfellowship between capital and labour (which, after all, 
should be one of the principal motives of our commercial aims 
and pursuits), the danger to which I refer becomes a real one, and 
one to which philanthropic capitalists might well direct attention. 

We cannot be unmindful of the service rendered by the 
workers in the days when legal ties and binding clauses were 
almost, if not quite, unknown, and when labour was performed 
from a sense of duty sufficiently strong to keep the worker at 
his post and assist in the wonderful development that has char- 
acterized modern English history. 
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Let UB for a moment reflect on the great and rapid change 
made in England by the coal-miner. Has he not completely 
revolutionized our land, and turned a large part of an agricul- 
tural country into a huge workshop? Only one hundred and 
fifty years ago, Lancashire was the poorest county in England 
and the most sparsely populated. To-day, if you take an area of 60 
miles round this room, you enclose a population more dense than in 
any other part of the world. You may liken it to one big workshop 
built* on a coal-hole. The miner has mainly effected this change. 

This change has brought with it many problems, and one is 
tempted to aak whether some of us have not lingered too long 
on the slopes of the Pennine Chain P Is there any outlet for this 
congested population ? Gentlemen, I venture to think that there 
is ; it is not in Old England, but in a New England beyond the sea. 
A land that covers one-fifteenth of that of the world, and yet has 
not a total population of London to-day. I refer to Canada. 

It seems to me that the miner would do well to turn his atten- 
tion more assiduously to this vast Dominion, for in my opinion 
it will prove to be one of the most solid and enduring jewels in 
the British crown. It is a happy omen that the 1908 summer 
meeting of the Canadian Mining Institute is to be held, to some 
extent, under Canadian Government auspices, and promises 
to be a most important one and worthy of the best representation 
from this country. For these reasons I shall for a short time 
take your thoughts away from the mother-country to her off- 
spring across the sea, feeling sure that it is for us, and especially 
the younger amongst us, whose field of observation is widening 
out, to mark, learn, and inwardly digest every phase of mining 
activity, every fresh means adopted to meet a particular con- 
tingency, and to apply the beneficial result of our observations 
to the work in hand. In order to acquire this experience, it is 
absolutely necessary that fresh fields should be sought and appro- 
priated ; the situation is one which should have a peculiar attrac- 
tion for the young mining engineer or colliery manager whose 
steps should be directed towards new fields where his energy can 
find full development. Could he have better prospects than in 
Canada — a land that can feed an empire? A land that is the 
best watered, and has the best fisheries in the world ; a land that 
extends from latitude 42 (in a line with Rome) until it is lost 
in the land of the Midnight Sun. 
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After every visit! have paid to this vast dominion, I have 
returned more impressed witli its possibilities, and if I can only 
arouse your interest, I feel sure that you will agree with me 
that Canada is the country of the future for our surplus popula- 
tion, and thai the Lancashire man, especially the miner, will do 
well to give it his serious attention. 

The miner was ever the pioneer in the industrial world, and 
I therefore venture to bring before your notice some points bear- 
ing upon the potential resources of this country. For the sake 
of brevity I propose to group Nova Scotia, New Brunswick, and 
Prinoe Edward Island together, as they are known as " Acadia,*' 
or the " Land of Plenty." 

Of all the numerous British Colonies, this region presents 
the strongest family likeness to the mother country, not only in 
the singular variety of its resources, but also in its proximity to 
the markets of the world. 

Gold, which excels in purity that of Australia and California, 
is found here. It is here that we have unequalled fisheries, safe 
harbours, extensive coal-fields near the water s edge, and, above 
all, a position almost midway on the very highway between the 
old and the Pacific side of the new world. And I am one of those 
who believe that Acadia will inherit a full share of that great- 
ness which Britain in her old age must resign. 

Though it cannot be said to have yet attained the prosperity 
predicted for it, this region is to-day by no means an insignificant 
contributor to Canadian wealth, for of the total number of miners 
engaged in Canada, 42 per cent, find occupation in Nova Scotia. 

Coal is the staple mineral, and the Cape Breton, Cumberland, 
and Pictou fields provide a fair proportioji of the whole output. 
In Cape Breton, coal is obtained in great quantity from the 
Sydney and Inverness coal-fields. The Sydney coal-field was the 
first exploited, operations dating from the year 1785. 

In 1863, the output of coal for Cape Breton was 214,812 tons : 
to-day it is over four million tons. The other fields in this dis- 
trict of Acadia are responsible for a little more than a million 
tons, or a quarter of the Cape Breton output. 

The Coal-measures of the Cumberland area crop out on the 
sea-shore, and have been worked extensively at the Joggins 
Mines, where a seam of about 6 feet of coal has yielded an annual 
output of about 80,000 tons. 
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The Pictou coal-field, opened up in 1827 by the General 
Mining Association, is about 11 miles long, S miles wide at 
its broadest part, and covers an area of about 22 square 
miles. Its structure presents many interesting features, and a 
few problems, some of which are : the remarkable thickness of 
the seams (in some cases 40 feet) ; the extensive deposits of black 
and brown shale ; the marked changes in these deposits noted at 
comparatively short distances ; the nature of the dip, ever chang- . 
ing, but always considerable ; and the numerous large and small 
faults intersecting the field at many points. 

The three coal-producing districts of this field are the Albion, 
the Westville, and the Yale. The coals vary in character, but 
are all of the bituminous coking variety. Some tested at the 
Gaslight and Coke Company's Works, London, have yielded 
10,450 cubic feet of gas, of 15 candlepower, per ton. The slack 
is valuable for blacksmith's purposes. 

The fiery nature of the seams has necessitated the use of fans 
of lai^ capacity and modern construction, in place of under- 
ground furnaces. Mueseler, Marsaut, and other lamps have been 
in use for many years. 

Quite recently the local papers announced that the Dominion 
Coal Company, whose annual output is about 3} million tons, 
had a representative in this country busily seeking to enlist an 
army of 2,000 miners for their collieries in Nova Scotia. Lanca- 
shire, Yorkshire, and Staffordshire men are preferred, it is said, 
as being more accustomed to the longwall system, which is the 
method of working adopted in this part of the Dominion. 

The area of gold-measures in Xova Scotia has been estimated 
by various authorities to cover from 5,000 to 7,000 square miles, or 
from one-fifth to one-third of the area of the province, yet the 
actual area from which the gold thus far obtained has been won 
is less than 40 square miles. 

In gold, as in other things, this region has not yet realiied the 
great hopes entertained some years ba€k, when it was thought 
that the saddleback reefs, which bore a close resemblance to the 
famous Bendigo s;iddlebacks, would turn out similarly success- 
ful in the process of extraction. Still, there are many who feel 
that gold-mining has here a great future before it: and the 
tield is being thort>ughly t^ted, in order to determine the future 
course of action. 
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Ojrpsum is plentiful in Acadia, 435,805 tons having been pro- 
duced in 1905. 

Entering the gulf of St. Lawrence, - we reach Quebec with 
its rocky fortress, and at once come into touch with that great 
highway of the world, the Canadian Pacific Eailway, which 
extends from ocean to ocean, a distance of 3,077 miles, travers- 
ing in its course the rich St. Lawrence valley, the prairie uplands, 
and the metalliferous Rocky Mountains to Vancouver. The 
Grand Trunk Pacific Railway, another great highway, is in course 
of construction, taking a direction to the north of the Canadian 
Pacific line, and will extend from Halifax to Prince Rupert on 
the Pacific Ocean, passing through and opening up many 
mineralized districts. 

The Province of Quebec is a most picturesque land of green 
hills, forests, rivers, lakes, and waterfalls, with the pretty villages 
and old-fashioned churches and homesteads of the French 
Canadians, dotted here and there with luxurious orchards, and 
sleek kine grazing in the rich pastures; everything in this 
province of 350,000 square miles is agreeable to the view of the 
traveller. Here agriculture and the lumber-trade loom large in 
the people's industry, but there is also a steadily increasing 
mineral-production, which in the year 1905 employed 5,017 
persons, 1,650 of whom were engaged in the mining of asbestos. 
This mineral occurs in considerable quantities, in the form 
of small veins in intrusive serpentine, in the eastern townships 
of this province, and also at various points north of Ottawa, in 
association with serpentine rocks of the Laurentian formation. 

In addition to asbestos — the most important of Quebec's 
minerals — cement-stone, copper-ore, graphite, and mica are 
obtained in considerable quantities. 

Passing on to the Province of Ontario, which is known as the 
" Oarden of Canada," we behold what is in man}^ respects a 
wonderful province. It extends for 1,000 miles from east to west, 
is considerably larger than the whole of Germany, has innumer- 
able lakes connected by ship-canals, a multitude of rivers, tremen- 
dous water-power plants, a rich soil, an equable climate, and 
great mineral resources, opening a boundless field of operation 
for the prospector. The nickeliferous deposits near Sudbury are 
the richest in the world, and the output of this mineral for 1905 
^ was about £4^500,000 market-value. 
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Extensive iron-ore deposits are worked at the Helen mine, 
Michipicoten, along the line of the Kingston and Pembroke and 
Central Ontario Railways, and smelted at Sanlt Ste. Marie furnace 
and steel-works, and at Port Arthur ironworks. Twenty miles 
north of the famous nickel-district, iron-ore is also found in the 
Moose Mountains (rocks of Eeewatin age). Drilling and blast- 
ing are here in full operation, and a railway only is required to 
make the Canadian iron-ore certain of admittance into all mar- 
kets. The proportion of iron in the ore is 60 per cent. It is 
reported that a mineral smelting-plant is to be erected near 
Toronto, which will provide employment for 15,000 men, treating 
1,400 tons of ore daily. No coal had been discovered in this pro- 
vince until quite recently, when lignitic coal was found near 
Lake Abitibi. 

North of Sudbury lies the recently developed rich silver- 
mining area of Cobalt, which is confined within the small com- 
pass of 12 square miles, 5^ miles from south-west to south-east, 
and only 3 miles across at its broadest part. At the Larose mine, 
considerably more than 300 feet of good ore has been proved, and 
a much greater depth of equally rich ore is anticipated. 

Natural gas and petroleum are found in Southern Ontario, 
the annual value of the former exceeding £5,000,000 and of the 
latter £190,000. At Goderich, a seam of rock-salt of very fine 
quality, 30 feet thick, is worked, and at the Jarnion mine, Madoc, 
Hastings county, iron pyrites has been discovered. 

A comparatively new industry in Canada, and one allied to 
mining, is that of clay-working. In the year 1887, no one ap- 
peared to realize the importance of this province as a producer 
of pressed brick, and bricks were imported from Ohio, in the 
building of a large Toronto bank, at a cost of £8 per thousand. 
To-day they are manufactured in the province at a price con- 
siderably lower than that mentioned, and the importance of this 
industry is further evidenced by the announcement of a new 
Canadian organization under the name of the Canadian Clay- 
products Manufacturers. A valuable handbook on the Clay 
Industry has recently been published by the Ontario Bureau of 
Mines. 

Further encouragement to mining in Ontario is given in the 
arrangement of summer classes in connection with the mining 
colleges of McGill, Toronto, and Kingston : the students who are 
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sent out into the interior to study geology are each provided with 
samples of the ores that are likely to be found in the various 
districts. 

Travelling westward, we reach the great prairie Province of 
Manitoba, the indications of the development of which are best 
given in the figures of population, which, during the last 36 
years, has increased twenty-fold, and now stands at something 
like 360,000. Winnipeg, the midway emporium of the Dominion 
and the capital of Manitoba, in 1871 had a population of 100; 
to-day its population exceeds 100,000. 

It may be of interest to note that Mr. J. Obed-Smith, the 
Commissioner of Immigration, is a Lancashire man, and is res- 
ponsible for all immigrants passing through to the west. 

Though primarily the ** granary " of the Empire, Manitoba 
and the North-West Provinces are not bereft of mineral wealth, 
as they are underlain by rich stores of lignite, which is a useful 
fuel for the cities and scattered farming population. 

Saskatchewan and Alberta, the two new provinces, each have 
an area of more than twice the size of the British Isles, but only 
a very small portion of their rich arable land is as yet under culti- 
vation; nevertheless, the population had increased from a few 
hundreds in 1890 to nearly 500,000 in 1906. 

In Alberta there are enormous deposits of lignitic coal. 
The principal developments of anthracitic and bituminous coals 
have been made in the neighbourhood of Banff, Frank, and 
Coleman, and to a similar extent between Calgary and Edmonton. 

Considerable deposits of iron-ore recently discovered in 
Alberta, suggest an industrial as well as an agricultural future 
for this district. In Southern Saskatchewan, at the northern 
fork of Willow Creek, there has been found a deposit of ore 
containing 5 per cent, of manganese, which will doubtless be 
profitably worked by some enterprising capitalist. 

Natural gas is found in many places, the principal supply at 
present being found at Medicine Hat. After 14 years' con- 
tinuous use, the volume of gas has shown no shrinkage, and the 
supply appears to be very far from exhaustion. The town is 
supplied with light and fuel from this source at a cost of 8id. per 
1,000 feet. 

At Lethbridge colliery, in the Belly-river coal-fields, Alberta, 
a 5^ feet seam, with a fire-clay parting, is worked in a mine 



1^ l?RESlDEXTtAL ADDRESS. {Nov., 1907. 

equipped for the production of 1,000 tons per day, coal-cutting 
machinee and endless-rope haulage being employed. Some 60 
miles of railway are owned by the company, the line extending 
from Lethbridge to Coutts. Coal is delivered in Edmonton at 5s. 
and Os. per ton, and along the steep banks of the North Saskatche- 
wan it can be obtained open-cast without being actually mined. 

Leaving the prairie provinces, we approach British Columbia, 
the region of the Rockies, the backbone of Canada, as the 
Pennine Range is of England. This region is by far the most 
important part of Canada as regards mining. The surface, 
which extends for 400 miles across a confused mass of high 
ranges and uplands, has been little more than scratched, in a 
mining sense. Its economic development seems only just to have 
made a systematic commencement, but great advances are now 
being made. Last year showed a production valued at about 
£5,000,000. The annual output during the last ten years has 
been more than doubled, and one company — the Granby Mining, 
Smelting, and Power Company, Limited, the largest and most 
important, with a capital of £10,000,000, over £3,000,000 of which 
is issued stock, and held by Americans who control the under- 
taking — produced 645,000 tons of ore out of a total output of 
930,000 tons. 

Though not as yet a large producer of iron-ore, British 
Columbia has proved deposits at Cherry BlufF, Eamloops, and 
Texanda Island. 

Copper, gold, coal, and lead, in the order named, are the most 
important minerals, the output for 1905 being valued at 
£1,657,713, £1,055,808, £910,182, and £533,515 respectively. 

Of the total lead-output of the Dominion, 98 per cent is 
produced by British Columbia, the output being shared largely 
by the Fort Steele and Slocan districts. In 1905, more than 
56^ million pounds of lead-ore were obtained, the value being 
something like £480,000. The Boundary district is responsible 
for much of this mineral yield ; and, having had an opportunity 
of visiting the district, I must say that for the variety and value 
of its ores it will be difficult to find an equal. 

The coal-output of British Columbia during 1906 was re- 
stricted to the Crow's Nest Pass and the collieries on Vancouver 
Island. Coke for smelting is in increasing demand, and, owing 
to the scarcity of labour and the urgent call for coal, the supply 
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of coke has been inadequate, as a consequence of which a cargo 
of 3,000 tons was imported from Australia during 1906 by the 
Ci-ofton smelter. 

All this proves that development-work can be very materially 
and profitably increased by the influx of more capital and addi- 
tional labour. Thus the Canadian Pacific Railway Company is 
spending £300,000 in opening up collieries in the Crow's Nest 
district, and is also a great producer of anthracite at Bankhead, 
Banff, Alberta. 

At Princeton, a seam of coal, 18 feet thick, has been 
found, 49 feet from the surface ; and, on the western edge, a bore- 
hole, 863 feet deep, has disclosed seventeen seams, aggregating 
50^ feet of good coal. 

In the Telqua district, a recent telegram states that very 
rich deposits of coal have been located, and as the projected line 
of the Grand Trunk Pacific Railway runs through the heart of 
this new field, some speedy development- work may be expected. 

Some novel features have been introduced by the British Col- 
umbia Board of Examiners in the rules for the examinations for 
the coal-mine officials' certificates. For example, every man is to 
be submitted to a sight test, to ascertain his capacity to see a 
cap of fire-damp in a safety-lamp, and each candidate will have 
to pass this test successfully. The Board of Examiners have also 
concluded that a man ought not to be expected to memorize a 
bookful of formulae, and if he can work out the problem when 
the formula is set before him, he will thereby satisfactorily 
demonstrate his capability. Holders of first-class managers' 
certificates must be British subjects. In addition to the ex- 
aminations for officials for the first, second, and third-class 
certificates, monthly examinations are held for miners, all of 
whom are required to hold a certificate of competency. 

In and about the coastal collieries the proportion of alien 
labour is very great, and 774 Chinese, 86 Japanese, and 55 
Indians found employment in 1906. Trouble has arisen over 
the influx of Japanese into Vancouver, and the feeling of the 
whites is very bitter against its continuance. In the Crow's 
Nest collieries no yellow labour is employed. 

I have now taken you across the continent, from coast to 
coast; and, although we have rapidly examined the localities 
of the most important minerals, a vast amount of exceedingly 
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iateresting information on mining progress has necessarily been 
omitted. The principal object of my Address is to endeavour to 
bring before your notice something of the immensity of the value 
of our Canadian possessions, with a view to impressing upon you 
the importance of the direct investment of British capital in 
Canada, instead of through the New York and other stock- 
exchanges, as at the present time ; for the danger is that Americans 
will secure the command, through capital, of Canadian mining 
and other undertakings. If this country is to have and to keep 
the controlling power, it is essential that she should hold the 
purse-strings. 

You will see, therefore, why the people of the United States 
of America have secured controlling interest in the Crow's Nest 
Pass Company. Last year they took 230,000 tons of coal against 
150,000 tons sold in Canada, and 53,000 tons of coke against 
134,000 sold in Canada. I think that only one colliery in 
Vancouver Island makes coke — about 23,000 tons in all — of 
which the United States of America took 8,000. Taking the 
Vancouver Island collieries into account, the United States took 
664,000 tons against 682,000 tons taken by Canada. The export 
to the United States would have been still larger, if the Cali- 
fomians had not taken to using an increased tonnage of crude 
oil. 

The latest news from the famous Crow's Nest district reports 
huge beds of coal above the railway, and the Pennsylvanian miner 
sees in this district — if the British speculator cannot — great beds 
of coal more than equalling the enormous deposits of his own 
State. 

There was, and is, a great truth underlying the remark made 
by the Prince of Wales in reference to his Canadian visit, that 
" England must wake up," otherwise she will fail in her duty 
to the Dependencies. 

Tables I. and II. give interesting particulars relating to the 
mining industry of the Canadian provinces, and the various 
mineralized areas are indicated on the map of the Dominion 
(plate vii.). 

Now, gentlemen, it remains for me to thank you for having 
listened so patiently to the rather cursory treatment of a most 
important subject; but I trust that what I have said may be 
found of some little use, and that, as opportunities permit, mem- 
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bers will come forward to supplement my remarks by original 
papers on the various sections in which they may be specially 
interested. 
Tablb II.— Gold, Silvbb, Coppbr, Lkad Ain> Coal-pboduction fob 1905. 

Gold. SUTer. Copper. Lead. OoaL 

Percent Percent. Percent Percent. Percent. 

North- West Territories ... 67 — — — 30 

British Colombia 39 57 78 08 12 

Nova Scotia 2 — — — 58 

Ontario — 40 18 2 — 

Quebec 2 — 3 — — 

Other provinces — 3 1 — -r 

100 100 100 100 100 



Mr. Joseph Dickinson (Pendleton), in moving a vote of thanks 
to the President, said that Mr. Ashworth had given them a 
weighty and very comprehensive Address. One must hope that 
the wish expressed at the beginning would be realized, and that 
all the members would do their best to aid him in his oflSce and 
maintain the high standard that the Society had held for so 
many years. 

Mr. John TJnsworth (Chorley), in seconding the vote of thanks, 
said that he had listened with the greatest attention to the Presi- 
dent's very eloquent Address, which contained much food for 
reflection. There wasno doubt that the Dominion of Canada was a 
very good field, open to all of them ; and to the younger mem- 
bers of the Society in particular, who were looking forward to a 
successful career, there wasi something in Canada which was 
peculiarly attractive. 

Mr. Joseph Crankshaw (London) said that he would like to 
say a word or two about Mexico, where there was a more equable 
climate, and mining operatioms were being carried on with great 
success and financial profit. The district near the Pacific Coast 
had been neglected, but it also presented many points of attrac- 
tion. Near the coast, the climate was hot enough to enable one to 
dispense with clothes, while further inland they could get to the 
mountains and to the eternal snow-line. In addition to coal, 
there was a wonderful salt-deposit. The possibilities were enor- 
mous, now that mines were being opened out and lines of steamers 
were being started. Vessels from British Columbia brought 
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timber, and took back salt. Here, then, was a field for the em- 
ployment of British capital. Already a good deal of Canadian 
capital was invested, and many of .the stores were run by 
Canadians. 

The resolution was passed unanimously. 

The President (Mr. John Ash worth) thanked the members for 
their patience in listening to his Address. He was glad to see so 
many present at the meeting, and hoped that it was an augury of 
increased usefulness for the Society. It had occurred to him that 
interest in the Society would be increased, and its usefulness ex- 
tended, if they held their meetings occasionally in other places 
than Manchester. They might, for example, have meetings at 
Leigh, at Bolton, and perhaps at Wigan and St. Helens. This 
was a matter which perhaps the Council would take into considera- 
tion during the session. 



TATE'S IMPROVEMENT FOR SAFETY-LAMPS. 

Mr. John Gerrard (H.M. Inspector of Mines, Worsley) 
called attention to Mr. J. W. Tate's arrangement for ascertaining 
that gauzes are present in bonnetted safety-lamps. If the gauzes 
were not in the lamp, with this arrangement the light would not 
bum. Mr. Gerrard subjected the lamp to several tests, so as to 
show its effective working (figs. 1, 2, and 3). 

Mr. Vincent Bramall (Pendlebury) thought that a portion of 
the stpparatus which should slide up and down freely might stick, 
and so prevent its perfect working. 

Mr. John Gerrard submitted that if the lamp were kept 
clean, as it ought to be, it would not stick. It seemed to him to 
be a very simple check with regard to the use of bonnetted lamps 
and gauzes. Of course, there were other arrangements, or in- 
ventions, to provide for the gauzes being in the lamps, but this 
seemed to him to be such a very simple one: he had tried 
it during the past month, and it had never failed to act. The idea 
was simply an extinguisher which prevented the feed of air to 
the lamp, and caused the flame to die out when the gauzes were 
not in the lamp. If the gauzes were in the lamp, they held up 
the disc or cap and the light would bum freely. 

24 
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Fio. 1.— Details of Tate's Appliai^ck fok Bonnbtted 8af£Ty.lamp» : 
A, View of Lamp; B, Plan of Extinglishkb ; C, Side View of 
ExTiNonisHBR ; D, Undbbside View pf Fxtinouisuer. 
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Mr. J. W, Tate (Tyldesley) said that he had used the lamp 
daily for a month in the mine, and it had never failed. The appli- 
ance could also be adapted 
to most types of existing 
safety-lamps; therefore a col- 
lieiy manager could add this 
arrangement and have the 
lamps bonnetted, and could rest 
assured that before a lamp was 
given into the hands of anyone 
the gauze was present, for the 
light in the lamp would not 
burn if the gauze were omitted. 

Mr. Percy Lee AVood (dif- 
ton) remarked that before tak- 
ing up with a new invention, 
one should be satisfied that it 
was an improvement on other 
systems at present in use. Fio. 2. -Lamp with Tate's Appuanck 
While Mr. Tate's arrangement ^"^^ ^^ "^ Gauzk. 

was a step in the right direc- 
tion, he thought the Patterson 
arrangement better for several 
reasons, the principal one being 
that, with a Patterson bonnet, 
if either gauze were omitted it 
would be detected immediately ; 
but he thought that with the 
Tate arrangement, if one gauze 
only was in the bonnet, it could 
not be detected. There were 
2,000 lamps with Patterson 
gauzes at work in the pits 
under his charge, and he had 
never had any trouble with 
them. 

Mr. Gerrard remarked that 
Fia. 3.— Lamp without Gauzi, ^^^ might be something to be 
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said in favour of an invention which secured at least one gauze 
being in the lamp rather than none. 

Mr. William Hokkobin (Leigh) said that it was an impossi- 
bility for a miner to get into the pit without gauzes in his lamp 
under the system invented by Mr. Tate. 

Mr. Joseph Dickinson (Pendleton) said that Mr. Gerrard's 
profession brought him into contact with the results of so many 
mistakes that he naturally desired to know which was the best 
form of lamp for use in mines. 

Mr. John Gerhard (H.M. Inspector of Mines, AVorsley) 
said that he simply brought the lamp before the members for their 
inspection. He did not ask them to approve of it, or adopt it, 
but only to look at it and see how far it excelled other forms of 
safety-lamps. 



THE HARDMAX IMPROA^El) SPUNNEY-WHEEL. 
Mr. John Gerhard (H.M. Inspector of Mines, Worsley) 
next drew attention to Mr. Walter Hardman's improved spunney- 

wheel, an ingenious contriv- 

ance for preventing accidents 
through the trapping of fingers 
in the pulley of the ordinary 
spunney-wheel. It was im- 
possible for a man to get his 
fingers trapped under this ar- 
rangement as the wheel was 
completely closed in. It was for 
small jig-brows, where a simple 
wheel with rope or chain pas- 
sing through it was in use. 
Fig. 1 showed the brake free, 
and fig. 2 the brake in action. 




Fio. 1.— Hardman Spun ney- WHEEL: 
Brake free. 



Mr. Walter Hardman 
(Walkden) explained the me- 
chanism of the appliance, which he said had been at work tor some 
time and had proved quite satisfactory. The arrangement for put- 
ting on the brake was very simple and positive in action. It ap- 



Vol. XXX.] DISCUSSION — FENCE-GATES FOR CAGES IN SHAFTS. 



191 



plied itself automatieally in either direction, excepting when the 
operator held the lever in the running position. Provision was 

made, however, whereby the 
insertion of a pin in the quad- 
rant held the brake in the free 
position. The brake could be 
operated from either side, the 
man standing by preference on 
the side from which the wag- 
gons were running away. In 
case it became necessary for 
him to pull the chain in order to 
assist them, the pull was in the 
direction away from the wheel, 

iso that there was little chance 
I of his hand being caught. 

There was nothing complicated 

about the construction, nor did 

the parts become unreliable 

The method of attachment to the post was by 

lashing-chain round the post, which could 




Fig. 



2. -Ha RDM AN Spunney-whrkl 
Brake in action. 



through wear. 

a joint-bolt, or a 

be fixed in a few moments. 



FENCE-GATES AND PROTECTORS FOR CAGES IN 

SHAFTS. 

Mr. John Gerrard (H.M. Inspector of Mines, AVorsley) 
further invited attention to a model and photographs of several 
fence-gates for cages in shafts. The model exhibited was the 
production of Mr. Heniy Houghton, of Skelmersdale. Such 
fence-gates were in us© at Lord La thorn's collieries at Skelmers- 
dale, at the Hulton collieries, and at the Denaby Main collieries. 
The cage-gates at the latter collieries were automatic, and were the 
invention of Mr. AV. H. Chambers, the arrangement being applic- 
able for the protection of both tubs and men. On arriving at the 
top or bottom, by certain levers being worked, the gate was raised. 
Mr. Gerrard explained the points of difference in the several 
arrangements at these collieries. He favoured the use of gates 
for cages. There had been a number of accidents in shafts in 
connection with men riding, and, in his opinion, the use of fence- 
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gates would prevent such accidents. He was glad to note an in- 
creasing desire on the part of mine-owners and managers to adopt 
some simple precaution for the prevention of accidents in the 
shaft, and thought that it would be interesting to members to 
have these things brought under their notice. 




Fig. 1.-— Houghton Protec?tive Cage-gate as used at Lord Lathom's 
Collieries, Skelmersdale : showing Method of opening Gate. 

The Houghton fence-gate (figs. 1 to 4) would not open by pres- 
sure from the inside. To open the gate, it was pushed inwards a 
little, the lower part raised about its hinges, so as to clear the 
recess, and then swung outwards. The gate generally fell into 
its locked position, by gravity, when released. In lieu of hinging 
the lower part, the same could be made telescopic, and in order to 
remove the gate from its holding-recess it was simply raised, the 
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lower part sliding on 
the upper. The gate 
could, of course, be 
readily opened from the 
inside, if desired. When 
out of use, the gate was 
slung under the roof of 
the cage. 

The arrangement of 
the Chambersa' utomatic 
cage-fence was such 
that when the cage left 
either the pit-bottom or 
top, the fence-bars au- 
tomatically descended, 
closing the cage-end, 
and effectually prevent- 
ing egress, through acci- 
dent or otherwise, of 
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Fio. 3.— HouoHTON Pbotectivb Caob-oatb: 
SHOWING Gate open and men alighting 
FBOM Gage. 



Fig. 2.— Houghton PROTEcrnvE Gage-gate: 
SHOWING Gate closed. 



either man or tubs, in 
the event of the ordinary 
stops failing. The fence- 
bars were raised auto- 
matically when at the 
landings. 

The open-end of the 
cage constituted a great 
danger r* a moment's 
sickness, causing a sen- 
sation of giddiness, 
might result in the 
miner so afflicted falling 
out and meeting a vio- 
lent death. The cage- 
gat€s referred to were 
ntended to remove this 
element of danger. The 
use of such gates would 
also prevent any sudden 
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attempt being made to enter the cage after the signal for lowering 
or raising had been given 

Mr. YixcEXT Bramall (Pendlebury) moved a vote of thanks 
to Mr. Gerrard. 

Mr. Joseph Dickinson (Pendleton), in seconding the resolu- 
tion, said that fence-gates should be automatic in their action, 

light in weight, and 
such as would prevent 
a man or a tub from 
falling into the shaft. 
Much had been done 
within his recollection 
to avoid shaft accidents, 
and it was pleasing to 
find improvement still 
being aimed at. For- 
merly, he had been one 
of upwards of a dozen 
persons to descend the 
shaft with three loops 
in the coupling-chain, 
two men each with one 
leg in each loop, a boy 
on each of their knees, 
and some sticking on 
at couplings. Nowadays 
the usual thing was to step into a cage, where there was a bar 
or something to lay hold of. 

There were few, if any, hoists or man-engines in our colliery 
shafts, but there were some at metalliferous mines. AVhen the 
latter mines came within the Mines Regulations Acts, some of 
these hoists were without sufficient provision for safety. Ac- 
cordingly, provi-iiou was agreed to for the Special Rules in the 
Manchester and Ireland district, providing for the installation of 
fend-off boards, or a hinged board to lift, and at the stepping-oif 
places a handle or something to lay hold of where there was any 
hole to fall into. 




Fio. 4.— Houghton Protkctivb Cags-oats: 
Gat« out of actios and slung under 
Roop of Cage. 
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MANCHESTER GBOLOGICAIi AND MINING SOCIETY. 



ORDINARY MEETING, 

Held in the Rooms of the Society, Queen's Chambers, 

5, John Dalton Street, Manchester, 

December 10th, 1007. 



Mr. JOHN ASHWORTH, President, in the Chair. 



The following members were elected, having been previously 
nominated : — 

Member— 
Mr. Charles Davis Taite, Electrical Engineer, 196, Deansgate, Manchester. 

Student — 
Mr. Ralph Hamfson, Mining Student, Shotton Cottnge, Shotton, Queen's 
Ferry, 8.O., Flintshire. 



THE LATE MR. M. WALTON BROWN. 

The President (Mr. John Ashworth) reminded the members 
that since their last meeting the mining world had suffered a 
great loss by the death of Mr. Martin Walton Brown, Secretary 
of The Institution, of Mining Engineers. 

Mr. Joseph DiCKrNSON (Pendleton) thereupon moved the 
following resolution : — 

" The President, Council, and Members of the Manchester Geological and 
Mining Society, in general meeting assembled, receive with profound regret the 
intimation of the death of Mr. Martin Walton Brown, the Secretary of The 
Institution of Mining Engineers, and desire to express their deep sympathy with 
Mrs. Brown and her family in theii* sudden bereavement. The members also desire 
to express their high appreciation of the long and valuable services rendered to 
The Institution of Mining Engineers and to the mining profession generally by 
the late Mr. M. Walton Brown, whose departure from amongst them is a great 
loss to the mining world." 

Mr. John Gerrard (H. M. Inspector of Mines, Worsley), in 
seconding the resolution, said that he had known Mr. M. Walton 
Brown for over thirty years. They all knew how high Mr, Brown 
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had carried the banner of mining', not only throughout the min- 
ing districte of this country, but throughout the mining districts 
of the world. The least that they could do, therefore, was to pass 
this resolution of sympathy with those who had been overwhelmed 
with sorrow in so sudden and so sad a manner. The valuable work 
which Mr. Brown had done would be remembered and appreciated 
for many years. 

The resolution was passed in silence, all the members rising 
from their seats. 



SPECIMENS OF COAL FROM CALDER COLLIERY. 

Mr. John Gek&ard (H.M. Inspector of Mines, TVorsley) 
exhibited some interesting specimens of eoal taken from the 
Calder colliery, representing the Arley Mine Lnd the Lower Moun- 
tain Mine. The distance between the two seams was 6 inches less 
than 900 feet. This being the first time that the distance between 
these seams had been actually measured, it seemed to him a notable 
occurrence, and one worthy of being brought before the Society. 

The specimens of marine shells produced came from the two 
marine beds associated with these seams. 



GAUZES IN BONNETTED SAFETY-LAMPS. 

Mr. John Gerhard (H.M. Inspector of Mines, Worsley) 
exhibited Mr. John Walshaw's appliance for securing the presence 
of gauzes in bonnetted safety-lamps. At the last meeting of the 
Society, he had shown a similar invention,* and on that occasion 
there was some controversy as to the complete utility of the 
device. The idea of this particular invention was to have a tab 
attached to each gauze, which showed in the glass so that if the 
two tabs were not seen there was evidence that the gauzes were 
not in the lamp. 



Mr. W. H. Coleman read the following paper on " Bye- 
products from Coke-ovens " : — 

* Trans. Insi. M, B,, 1907, vol. xxxiv., page 321 ; and Tran». M. Q. M. 8,, 
1907, voL XXX., page 187. 
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BYE-PRODUCTS FROM COKE-OVENS. 



By W. H. COLEMAN. 



The exhaustion of our coal supply is proceeding at such a 
rapid rate that it is necessary to take care that the energy con- 
tained in every ton of coal should be utilized to the fullest extent 
possible, not perhaps that the pinch may be felt in our own time, 
but because it is our duty to leave as much of our heritage of 
power as possible to our descendants. The increase in the popu- 
lation of the world is a warning that the question of food supply 
will be an urgent one in the near future. We have for years 
been existing upon the stored up wealth of the virgin soils of 
America and other sparsely-peopled districts, but this cannot go 
on for ever, and the continued abstraction of plant food from the 
soil must be compensated for in some way or other. The two most 
important ingredients permanently removed from the soil by the 
crops are phosphorus and nitrogen. With the former the writer 
does not propose to deal in these notes, but he intends to confine 
his remarks to the latter as being closely concerned with one of 
the chief bye-products of coke manufacture, namely, sulphate of 
ammonia, which is at present the only practicable means of 
returning to the soil the nitrogen which has been abstracted by 
the crops. No doubt the deposits of nitrate of soda in South 
America have to a large extent supplied up to the present time 
the demand, but they are being rapidly exhausted at an ever 
increasing rate, and until the production of nitrogen-com- 
pounds from the air can be accomplished at a reasonable cost, 
the gap left can only be filled by sulphate of ammonia. 

The introduction of motor vehicles has opened an avenue of 
usefulness for the bye-product recovery-oven, and provides an 
outlet for the other two of the three chief bye-products, namely, 
for benzol as a motor fuel, and for tar as a means of combating 
the dust nuisance, which is made more visible, if it is not entirely 
caused, by motor traffic. 
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It may now be desirable to give a few figures showing to what 
extent the production of coke in recovery-ovens has progressed 
in this and in other countries. Taking Great Britain first, it 
was stated in the Report of the Royal Commission on Coal- 
supplies of 1905* that in the year 1902 only about 10 per cent, 
of our total output of coke was made in recovery-ovens, and it 
was then suggested that returns should be obtained showing the 
annual increase in the use of this kind of coke-oven ; and, although 
owing to the want of powers to compel returns no exact figures 
can be obtained yet for the last two years, the following figures, 
published by the Home Office, are extremely interesting : — t 

Tablk I. —Tons of Coal cokrd during 1905 and 1906, and Value 

OF COKB PRODUCED. 




Coke Hade. 
Tons. 

18,037,985 
19,296,526 



£ 
10,625,799 

12,549.116 



Table II.— Number and Description op Ck)KE ovens, t 



Year 



1905 
1906 



25,514 
23,454 



Simon Semet- 
Carveii. , Solvay. 



726 ! 470 
808 670 



Coppice. • Bauer. 

2,233' 52 
2,308 52 



Koppeni. HiUen- Simplex. I i^iJT . ToUL 
Block. *^'"*" 



72 
108 



503 — 
763 78 



I 

1,490 i 31,060 

1,482; 29,728 

I 



* Some Otto-Hilgenatock orenii are included in these flcurea. 

Table III. — Number of Beehive and Retort Coke-ovens in 1905 and 1906. 



Tear. 



Beehive. 



1905 
1906 



25,514 
23,454 



Retort-orena. 

5,546 
6,274 



TotaL 



31,060 
29,7-28 



Perc«ntace of 
Retort-OTen*. 



17*85 
2111 



From the above tables it will be noted that the number of 

beehive-ovens has decreased from 25,514 in 1905 to 23,454 in 

1906, and the recovery and retort-ovens have increased from 

• Finai Report of the Royai CommisHi(m on Coal-mpplies, 1905 [Cd. 2353], 
part i. , general report, page 9. 

t Mines and Quarries: General Report and Stafisticsy 1905 [Cd. 2974], paee 
195, and 1906 [Cd. 3774], page 180. 

X Ibid., 1905, page 196; and 1906, page ISl. 
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5,546 in 1905 to 6,275 in 1906, or a decrease in the first case of 
about 8 per cent., and an increase in the second case of about 13 
per cent. 

Although no figures are given showing the proportion of coke 
made in recovery-ovens, for the quantities given in Table I. refer 
to all coke manufactured, including that made at gas-works, it is 
possible by 'a somewhat roundabout calculation to arrive at an 
approximate estimate. Table IV. gives the production of sul- 
phate of ammonia in each year, and the writer considers the 
figures interesting for two reasons, namely, (1) they show the 
increase in the recovery of ammonia as sulphate from coke- 
works for the past nine years, and (2) from these figures the 
approximate calculation to which the writer has referred has 
been made. 

Table IV.— PRODUcmox of Sulphate of Ammonia from 1898 to 1906.* 









1 




Producer and 




Year. 


Gas-works. 


Iron-works. 


Shale-works. 


Coke-OTOiis. 


Carboniziiur 
Works. 


Total 

1 


1898 


129,590 


17,936 


37,264 


5,403 


6,166 


1 
196,357 


1899 


133,768 


17,963 


38,780 


7,849 


7,360 


205,720 


190f) 


142,419 


16,959 


37,267 


10,393 


6,688 


213 726 


1901 


142,703 


16,353 


' 40,011 


12,255 


5,891 


217,213 


1902 


150,0o5 


18,801 


, 3^,931 


15,352 


8,177 


229,316 


190.3 


149,489 


1!»,119 


37,353 


17,438 


10,266 


233,664 


1904 


150,208 


19,568 


42,486 


20,848 


12,880 


245,990 


1905 


155,957 


20,376 


46,344 


30,732 


15,705 


269,114 


1906 


157,160 


21,284 


48,534 


43,677 


18,736 


289,391 



From the foregoing table it will be noticed that the production 
of sulphate of ammonia from coke-ovens has risen from 5,403 
tons in 1898 (the first year for which separate figures are given 
for coke-ovens) to 43,677 in 1906, or an increase of over 800 per 
cent., the increase in the last three years being especially 
noticeable. 

The yield of sulphate of ammonia may be taken in round 
numbers as 25 pounds per ton of coal carbonized, either from 
gas-works or from coke-ovens (possibly 28 or 30 pounds in many 
cases may be obtained, but the writer prefers to take the lower 
figure as being probably the actual yield). 

If a calculation be made, on the above assumption, from the 
quantity of coal carbonized in pas- works, and the figure sub- 
tracted from that given in Table I., it will show the quantity of 
• AnnuoU Reports of the Chief Inspector under the Alkali Act. 
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coal carbonized in coke-ovens; and, if a further calculation on 
the same assumption be made, taking the quantity of coal carbon- 
ized in coke-ovens where sulphate of ammotnia was made and 
deducting, the remainder will show the quantity of coal carbon- 
ized in beehive and other non-recovery ovens. The following 
table shows the results for the years 1905 and 1906 : — 
Table V.— ^al Goksd duiuno 1905 and 1906. 



Year. 


CSM-worlu. 


CoU-S-J-. E«2^. Nc^,«««, 


ToUl 
Ooke Coked. 


1905 
1906 


Tons. 

13,973,747 
13,991,936 


Tons. 
19,479,196 
21,410,741 


Tons. Tods. 

2,753,587 16.725,609 
3,914,899 17,495,842 


Tons. 
33,452,943 
35,402,677 



Tabui VI.— Pkhcxmtagb of Coal Ck>KXD in Reoovebt akd in 

NON-REOOVEBT OvENS. 



Ymx. 


OTens. 


Beoorety 
Orena. 


1905 

1906 


Per cent. 
83-9 
81-8 


Per cent. 

161 
18-2 



The above estimated figures ag^ree fairly well with those given 
for the year 1905 by Mr. Ernest Bury in his most instructive 
paper read before the Institution of Ghts Engineers at Dublin in 
June, 1907,* wherein, calculating from quite different assump- 
tions, he gives the following figures : — 

Table Vll.— Coal Cokkd during 1905. 



Yew. 




Non-reooTeiy 
Coke-oTeiM 




ToUL 


1905 


Tods. 

14,180,000 


Tomk 

16,000,000 


Tons. 

3,317,000 


Tods. 
33,497,000 



The following figures ai>e also taken from the Mines and 

Quarries Reportt : — 

Table VIIL— Numbeb and Pebcbntaoe of Wobks Reoovkbino Btb- 
pboductb fbom coke dubino 1905 and 1906. 



Year. 


Number of Works 

from which Returns 

wore Received. 


Number of Worin at 
were Recovered. 


PercenUfB of Works 
were BecoTered. 


1905 
1906 


271 
257 


46 
51 


171 
19-8 



* The Journal of Gas Ltghting, 1907, voL xcviiL, page 982. 

t Mines and Quarries : Oeneral Report and Statistics, 1905 [Cd. 2974], vmgp 
196 ; and 1906 [Cd. 3774], page 181. "^ 
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Turnia^ to other countries, the world's production of coke is 
given in metric tons in the Bulletin No. 2,706 of the Comite des 
Forges, published September 30th, 1906, as follows : — 

Table IX.— World's Pboduotion of Coke. 

Countiy. 1904. 1906. 

Metric Tona. Metric Toiia. 

United States of America 21,465,365 29,240,080 

United Kingdom (no returns for 1904) ... — 18,326,593 

Germany 12,331,163 16,491,427 

France (in part only) 1,673,519 1,907,913 

Belgium 2,211,820 2.238,920 

Russia 2,402,878 2,374,336 

Austria 1,282,473 1,400,283 

Italy 607,297 627,984 

Spain 606,318 641,689 

Canada 493,107 622,154 

Australia 173,750 165,676 

Hungary 5,103 69,303 

Mexico (estimated) 60,000 60,000 

Other Countries (estimated) 2,000,000 2,200,000 



Totals 45,311,783 76,366,267 



^.^.—1 metric ton ^ 0*9839 English ton. 

In reference to the above figures, it should be mentioned that 
no statement waa made to show whether or not they included the 
coke produced at g^-works. The return for the United King- 
dom, as shown by comparison with the figures of the Board of 
Trade return, included the gas-works production, but that for 
Belgium did not, as the figure given was the same as that stated 
in the Belgium Government report as the production of 39 coke- 
works. The writer has unfortunately been unable to check the 
other figures. 

The United States. — In the year 1901, 6 per cent., and in 1905, 
10*74 per cent., of the total production of coke was made in 
recovery-ovens. In the latter year, there were in the United 
States of America 3,159 recovery-ovens out of a total of 87,664 
ovens of all kinds, or 3'6 per cent. 

Germany, — In the year 1901, 63 per cent, of the total produc- 
tion of coke was made in recovery-ovens, and the writer was 
informed by a competent authority when in Germany last year 
that 90 per cent, of the coke was at that time being made in 
recovery-ovens. 
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France. — The Colliery Guardian* gave the production in 
France during the year 1905 as follows: — Gas-works. 2,300,000 
tons; coke-works, 2,603,522; total, 4,903,522. There were 2,512 
beehive and 1,604 recovery-ovens, the latter being 3897 per cent, 
of the total number. The coke produced in recovery-ovens was 
1,543,000 tons, being 31*46 per cent, of the total coke produced. 

Belgium. — In the year 1904, 1,700,000 tons of coke were pro- 
duced in 911 bye-product ovens, and in 1905, 2,238,920 tons of 
coke were produced in 39 coke- works. 

Spain. — In the year 1901, about 200,000 tons of coke were 
produced in coke-ovens of the Semet-Solvay and Simon Carves 
types at Altos Homos and Sestao. 

The writer regrets that he has been unable to obtain more 
recent or more extensive figures, but he believes that enough 
has been given to show that Great Britain is a long way behind 
the other nations of the world, except perhaps the United States 
of America, in the adoption of bye-product ovens. That steps 
are being taken to remedy this condition of affairs may be seen 
from Table X., which cannot, however, be considered complete. 



Table X. 



-Reoovery-ovens either just Completed or at Present (1907) 
under construc?riok in the united kingdom. 



Description. 


Number. 


Simon Carves 

Semet-Solvay 

Koppers 

Otto-Hilgenstock 

Simplex 

Copp^e 


500 
449 
160 
200 
88 
353 


Total 


1.750 



The three main products obtained in the process of coking or 
carbonizing coal, when coal is destructively distilled, are as 
follows : — Solid, coke ; gaseous, heating or lighting gas and 
ammonia; liquid, tar and benzol or naphtha. 

The first of the above, namely, coke, the writer must leave 

♦ 1906, vol. xcii., page 663. 
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to those who have much more practical experience of the matter 
than himself. However, he would like to point out that the 
old objection to bye-product coke is slowly but surely giving 
way. Recovery-coke is, if properly slacked, quite equal to bee- 
hive-coke in respect to its appearance, or sulphur content, and 
its ability to stand the burden of the charge in the blast-fumace. 
Further, the introduction of mechanically-charged blast-fur- 
naces requires a coke of smaller size than formerly, which will 
lead in the future to a more extensive use of the bye-product 
variety. 

Table XI.—Analyse8 of Vabtous Kinds of Cokb (dbt). 



Constituent. 


Bye-product Coke. 


BeehiTc-Coke. 


Gae-works Coke. 




Per Cent. 


Per Cent. 


Per Cent. 


Ash 


600 


80 


9-90 


VolatUe matter 


1-86 


not estimated 


1-66 


Fixed carbon (by difference) ... 


9214 


91-90 , 


88-46 


Totol* 


100-00 


100-00 


10000 



The second class of products, namely, the gaseous, consists of 
heating gas and ammonia. At the present day, nearly all coke- 
works utilize at least a portion of the gas for other purposes 
than heating the ovens. It has a high calorific value, as will 
be seen from the following table, taken from that given by Mr. 
F. L. Slocum*: — 

Tablb XII.— Calobifio Values of Vabious Gases. 

«»«-» rvf n— BritUh Thennftl Unite 

Name of Ga^ j^, c^j^ic Foot. 

Oil-gaa 1,350 

Natural gas 980 

Goalgaa 600 to 628 

Coke-oven gas 367 to 686 

Water-gas 600 

Mondgas 166 

Siemens gas 137 

In this connection it is interesting to note a suggestion 
recently made that a producer-gas plant should be combined 
with a coke-oven plant, especially where both poor and rich coals 
occur in the same locality. The producer being fed with the 
poor coal (coal with a small percentage of volatile matter), 

• " A Comparison of Fnel-gas Processes," by Mr. F. L. Slocum, The Journal 
of the Society of Chemical Industry, 1897, vol. xvi., page 420. 

26 
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even the waste coke, 
breeze, etc., might be 
used; and the gas of 
low calorific power 
used for heating the 
coke-OTens; the high- 
value gas from the 
ovens being used to 
produce power by 
means of gas engines. 
Coke - oven gas is 
eminently suited for 
such a purpose, being 
of high calorific value 
and comparatively 
clean, whereas pro- 
ducer - gas is very 
di£Bcult to free from 
dust, and especially 
from tar, much more 
so than coke-oven 
gas. Of course, the 
great difficulty in the 
way is the question 
of storage of power, 
but consideration of 
that point is beyond 
the scope of this 
paper. 

Coke-oven gas is 
largely used in the 
United States of 
America for lighting 
purposes, and the ex- 
tension of its use in 
this direction might 
with advantage be 
undertaken in this 
country. The gas, 
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especially that evolved during the earlier stages of carboniza- 
tion, is of high illuminating value, and it has been proposed 
to collect the first portions separately for use as an illuminant. 
The remaining products-^ammonia, tar, and benzol — now require 
consideration. It would perhaps be best to first consider the 
question of their recovery from a general point of view, and to 
this end the writer invites attention to the rough diagram 
(fig. 1) which he has made to illustrate the principles under- 
lying the process. The gas as it comes from the ovens ha^ a 
very high temperature, and the first step towards the recovery 
of the bye-products is to reduce the temperature to the normal. 
From the ovens the gas enters a common main extending the 
whole length of the ovens, which is known as the hydraulic main, 
A, where the temperature falls to about 212<=> Fahr. (100<^ Cent.), 
and a considerable portion of the tar and water-vapour is con- 
densed. The latter absorbs some of the ammonia. The gas 
passing from the hydraulic main still contains tar in the 
state of fog or mist, in addition to ammonia gas and benzol 
vapour. It is, therefore, still further cooled by passing through 
either annular or serpentine air-cooled pipes, B, and then through 
a series of water-cooled pipes, C. By this means, its temperature 
is brought down nearly to that of the atmosphere, and a further 
quantity of tar and ammoniacal water depoeited, which is 
allowed to drain away by S-shaped siphon pipes, and conveyed 
to store tanks or wells. The gas next passes to the exhausters, 
D, which serve to draw the gas from the ovens through the 
coolers and to force it through the rest of the apparatus de- 
scribed later. Two different types of exhausting apparatus are 
used, the rotary mechanical exhauster and the steam injector. 
The latter has the advantage of producing a more constant suc- 
tion and of being free from mechanical complications, but has 
the drawback of heating the gas so that it has to be passed 
through another cooler^ The gas from the exhausters, D, still 
contains tar-fog, ammonia, and benzol vapour, and is generally 
next passed through some form of tar-fog extractor, E. The two 
most important types of this apparatus are the Pelouze and 
Audouin, and the MaJlet extractors, being based on the same 
principle, namely, condensation by shock. The tar particles 
exist in the gas in the state of little vesicles or bubbles of tar 
filled with gas, which are extremely minute and very difiicult 
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to condense. Within the apparatus a number of screen^ of per- 
forated metal sheets^ placed only a short distance apaxt, are so 
arranged that the holes in one plate are opposite the blank sur- 
face of the next. The vesicles pass through the perforations 
with considerable velocity, striking against the surface of the 
plate in front. The shock of the impact breaks up the vesicles, 
and causes the tarry matter to adhere to the surface of the plate, 
down which it trickles to the store tank below. Both types have 
a tendency to get blocked with tar; and to contend with that 
difficulty the Pelouze apparatus is so constructed and connected 
to the system of gas-mains that it can be cut out of the path of 
the gas from time to time and the top removed, so that the dirty 
plates can be taken out and replaced by clean ones and the appa- 
ratus then put in action again. In the Mallet apparatus, the perfor- 
ated plates, or rather drums, are slowly and continuously re- 
volved, so that the lower portions pass into warm tar contained 
in the bottom of the casing. The perforations are thus continu- 
ously washed by the warm tar. The necessity for the use of the 
tar-fog extractor will be explained later in the process for the 
recovery of the benzol vapour. The gas is next passed through 
the ammonia scrubbers, or washers, F, where the ammonia is 
absorbed. These consist either of vertical towers filled with 
chequer-work of bricks, rings, boards, or even with coke ; and the 
gas passes up the towers and is met by a stream of water flowing 
down. The second type of ammonia-absorber is the rotary 
mechanical washer of the Holmes or the Standard pattern. 
This apparatus consists of a horizontal cylinder divided by 
vertical partitions into a number of compartments, a shaft pass- 
ing horizontally through the cylinder, a number of brushes or 
bundles of laths being fixed upon the shaft, one in each compart- 
ment. A current of water is caused to flow through the cylinder 
from one end to the other, from chamber to chamber, each being 
about half filled with the liquid, and the gas to be washed being 
caused to flow through the upper pai-t of the chambers in the 
opposite direction. As the shaft revolves, each portion of each 
brush dips into the liquid and is afterwards exposed to the current 
of gas. 

The most important points to be borne in mind in carrying out 
this part of the process are to arrange that the temperature of 
both gas and water are as low as possible, and that the currents 
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of gaB and washing-liquid flow in opposite directions. H tower 
scrubbers are employed, it is necessary to ensure a good distribu- 
tion of the washing liquid ; and for this purpose the Zschockesche 
patent distributer is one of the best types, being easy to regulate, 
as the glass-sight allows the attendant to see if it is working 
properly. 

The next process is the recovery of the benzol, or rather the 
mixture of hydrocarbons in the gas in which benzol predomin- 
ates, which is eflEected by passing the gas through an exactly 
similar apparatus, G, to that used for ammonia recovery. The 
benzol is absorbed by a hydrocarbon oil, and for this purpose 
creosote or anthracene oil is used, which absorbs the benzol 
vapours, and is afterwards sent to a still where the benzol is separ- 
ated by fractional distillation. The oil, after cooling, is used 
over and over again, until it becomes too strongly charged with 
tar and naphthaline (a crystalline hydrocarbon occurring among 
the products of distillation of coal, and particularly difficult to 
separate from the gs>s) for the purpose, when it is either mixed 
with the tar or sold separately. In order that this oil may be used 
as many times as possible, the tar-fog previously mentioned must 
be extracted completely from the ga«. The scrubbed gas is then 
returned to the ovens aad burnt in the flues to effect the coking 
of the coal, but in most cases a considerable surplus is available 
for other purposes : this varying, of course, with the quality of the 
coal, the type of ovens employed, and the oare and attention 
given to the process. It could be used directly in gas-engines 
for the production of power, or employed for lighting in the 
works or neighbourhood. For the latter purpose, the gas ought 
to be further purified by passing it through hydrated oxide of 
iron, in order to remove the sulphuretted hydrogen which it 
contains. 

Having described how the products are obtained, it remains 
to say something about their disposal, and this will be 
considered in the same order as before, namely, tax, ammonia 
(now in the form of a weak solution), and benzol (in the form of 
an impure mixture of hydrocarbons known as crude benzol or 
crude naphtha). 

The tar is always sold as such to the tar distiller, who, 
by distillation and subsequent washing and rectification, pro- 



208 RYE-PKODrCTS FBOM COKE-OVENS. [Dec., 1907. 

duces the finished first products. These comprise benzol, 
toluol, solvent naphtha, creosote oil, naphthaline, carbolic acid, 
anthracene, and pitch, which are used in the colour, rubber, and 
explosive industries, as well as for preserving timber, for paving, 
asphalting, briquetting coal, preparing disinfectants, making 
lamp-black, roofing-felt and many other purposes. In addition, 
the tar itself is now largely used to overcome the dust nuisance, 
made so obvious by the rapid increase in the use of motor-cars. 
For this purpose the crude tar is not so suitable as the refined 
product obtained by distilling off the lighter hydrocarbons, 
which render the tar too fluid, and consequently too easily 
softened by the heat of the sun, and which also tend to separate 
after its application to the roads, especially in wet weather, as a 
most objectionable oily film or scum. The tar could be applied in 
two ways, either as a coating spread over a road not in need of re- 
pairs, when it acts both as a preventive of dust, and as a 
preservative of the road material. Experiments carried out in 
France over several years* proved that not onlv were the tarred 
roads free from dust, but also that they lasted longer, and that 
the cost of cleaning was much reduced, so that although the cost 
of application might be considerable it was counterbalanced by the 
saving effected. To gain some idea of the quantity of tar that 
might find application for this purpose, the writer will quote 
figures given by Mr. Maybury in a paper read by him at 
Dublin in 1907.t About 7 tons of tar were required for each 
mile of road of the average width, the mileage of roads in 
England and Wales being given as follows : — Main roads, 23,826 
miles; other public roads, 95,211 miles; total, 119,037 miles. If 
these were all tarred, there would be required: — For main 
roads, 166,782 tons of tar; for other public roads, 666,477 tons 
of tar; beinsr a total of 833,259 tons of tar. 

Another method in which tar is used in road construction is 
that of paving the road with a mixture of broken stone or slag 
with tar or pitch, known as " tar macadam." This is, no doubt, 
the more serviceable way, as the painting of the surface is at best 
only a palliative, while tar macadam, in addition to the preven- 
tion of dust, gives a good hard road which is reported to last' 
extremely well. 

• AnncUeH deA Pants et Cham^ts, eighth series, 1905, vol. xx., page 260. 
t The Journal ofGaa Lighting, 1907, vol. xcviiu, page 972. 
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The tar produced in coke-works varies in composition, but 
approximates to that obtained at gas-works, and contains the 
same compounds, although in somewhat different proportions. It 
differs altogether from blast-furnace and producer-tars, which 
are much less valuable. 



Turning to the ammonia, which, as stated above, is recovered 
as a weak solution in water, the chief compounds present are 
shown in Table XIU. and compared with the liquor obtained at 
gas-works. 



Table Xm.— Composition 


OF Ammomiaoal Liquob. 


Name of Constituent. 


Ammonlacal Liquor : 


From Oaa-workflL From Ooke-worka. 


Specific gravity at 60° Ffthr 

Free ammonia (NH) 

Fixed do. 

Total do. 

Sulphuretted hydrogen 

Carbonic acid 


1-028 ! 1-011 
Grammes per 100 Grammes per 100 

1-928 0-841 
0-545 1 0-102 
2-473 1 0-943 
0-510 ' 0-233 
2-274 i 0-899 



The ammonia compounds are divided into two classes, free 
and fixed, the former comprising those compounds of ammonia 
which are dissociated by simple heating, and the latter those 
which require the addition of lime or of some other alkali to 
decompose them. The ammonia-water obtained from coke-ovens 
is generally weaker than that from gas-works, probably because 
the washed coal contains more water, although it should be pos- 
sible to improve the strength somewhat by careful attention to the 
scrubbers. The ammonia water is distilled by steam and the 
gas passed into sulphuric acid, with which the ammonia com- 
bines, forming sulphate of ammonia. It should contain from 
24 to 24'5 per cent, of ammonia, and be reasonably dry and 
free from excess of acid. Its colour should be as white as pos- 
sible, in order to obtain the best price, and care is required to 
attain this. If acid containing arsenic is used, the resulting sul- 
phate will be yellow, and may be refused. It may be worth while 
to give one or two hints as to the cause of discoloration and the 
means of preventing it. The dirty grey colour often observed 
is due, not to dark-coloured acid to which it is generally 



210 BYE-PRODUCTS FROM COKE-OVENS. [Dec, 1907. 

attributed, but to one of two causes which could with care be easily 
avoided. The first is the priming of the liquor in the still, and the 
second is the occurrence of local alkalinity in the saturator or ves- 
sel in which the ammonia is absorbed by the sulphuric acid, which 
may be due either to a deficiency of steam, which often results in 
solid sulphate building up over the perforations in the gas 
pipe, or to carelessness of the workman in not feeding the acid 
with sufficient regularity. Either of these causes may also 
result in the formation of blue salt, which is very troublesome, 
and renders the product unsaleable. The ammonia-water con- 
tains hydrocyanic or prussic acid (which distils over with the 
ammonia), carbonic acid, and sulphuretted hydrogen, und which, 
in the presence of iron (always found in commercial acid), and 
free ammonia, forms ferrocyanide or yellow prussiate of 
ammonia. This compound, as soon as the saturator becomes 
acid again, is decomposed, and forms white ferrocyanide of iron, 
which rapidly oxidizes into prussian blue and discolours the sul- 
phate. The remedy is then to use a sufficient excess of steam to 
keep the contents of the saturator continually boiling, and to see 
that the contents are never allowed to become alkaline for want 
of acid. Care as to these details would save much annoyance. 
The carbonic acid and sulphuretted hydrogen, along with some 
hydrocyanic acid, escape from the top of the saturator, and as 
these gases are not only objectionable but also very poisonous, they 
should be treated, and are not allowed to be turned out into the air. 
They are, therefore, after cooling, either passed through a puri- 
fier or box containing hydrated oxide of iron, when the sulphur- 
etted hydrogen is decomposed into water and sulphur and the 
hydrocyanic acid is arrested as prussian blue, or the gases mixed 
with a suitable proportion of air and passed through a Claus 
kiln or chamber containing oxide of iron, which acts as a 
catalytic agent, and the sulphuretted hydrogen is partly burnt 
to sulphurous acid, which reacts on the rest of the sulphuretted 
hydrogen, forming water and sulphur. This, by the way, is an 
interesting reaction, as the sulphur found near the vents of 
volcanoes is probably formed in a similar way. The waste liquor 
from the stills, containing lime-salts and phenols, cannot be 
turned into rivers or water-courses; but the various methods 
that have been proposed for its treatment cannot be des- 
cribed in this paper. The writer would, however, refer anyone 
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interested in the question of the composition of this effluent to 
the paper by Messrs. Frankland and Silvester,* read before the 
Society of Chemical Industry, and to the paper by Dr. F. W. 
Skirrow read before the Manchester section of the same Society .t 

The last product to be dealt with is the benzol, which, as was 
mentioned before, is recovered as a solution of benzol in 
creosote-oil. The oil containing the benzol is run through a 
still somewhat similar to that used for the ammonia, and the low- 
boiling benzol continuously distilled ofF, while the creosote oil 
may, after cooling, be used over again. The product obtained, 
generally that known as 65 per cent, benzol, is a material giving 
a distillate of 66 per cent, at a temperature of 248^ Fahr. (120^ 
Cent.). It is sold to the refiners, who work it up into benzol, 
toluol and solvent naphtha. 

The processes of recovery having been briefly described, it may 
be worth while to turn attention to the yields from the coal and the 
possible outlet for the products. The yield of bye-products, of 
course, depends chiefly upon the amount of volatile matter in the 
coal carbonized, and also upon the method of coking ; but it may 
be taken as a conservative estimate that the yields are somewhat 
as given in Table XIV. 

Table Xrv,— Yield of pboducts feom Garbonizino-coal in Byb-product 

Coke-ovens. 

Coke 68 to 72 per cent. 

Tar 6 to 8 gaUons per ton of coal. 

Sulphate of ammonia 25 to 30 pounds per ton of coal. 

Naphtha, 65 per cent. ... 2 to 3 gallons per ton of coal. 

Upon reference to Table V. it will be seen that in the year 
1906, approximately 4,000,000 tons of coal were coked in re- 
covery-ovens, about 17,000,000 tons in non-recovery ovens, and 
about 14,000,000 tons at gas-works. The yield of bye-products 
at gas-works may be taken as follows : — Tar, 10 to 12 gallons ; 
sulphate of ammonia, 25 to 30 pounds per ton of coal. Calcu- 
lating from the above data, and using the lowest figure in each 
case, the estimated production for the year 1906 was as follows, 

• ** The Bacteriological Purification of Sewage containing a large proportion 
of Spent Gas Liquor," bv Messrs. Percy F. Frankland and H. Silvester, The 
Journal of the Society of Chemical Indmtryy 190r, vol. xxvi., page 231. 

t "The Determination of Phenols in Gas Liquors," etc., by Dr. F. W. 
Skirrow, t6td., 1908, vol. xxvii., page 58. 
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assnming that all recovery coke-works recover tar, ammonia, and 
benzol, wliicli is certainly not the case so far as benzol is 
concerned : — 

Tablk XV.— Yibld of Btb-pboducib at Gas-wobks dubiko lOOS. 



Bouroe. 


Tkr. 


Sulphate of 90P«roent. 
Ammonia. . BenioL 


Gas-workB 

Coke-workB 
Other souices 


Ton. 
700,000 
120,000 


Toim, 

156,000 

44,000 

89,000 


GaUan. 
1,500,000 
4,000,000 


TotftlB 


820,000 


289,000 


5,500,000 



Table XVL— Posbibije Additional Pboduction it all Goks wku 
mads in rscx>vxbt-0wn8. 

Thr 510,000 toDB. 

Sulphate of ammonia ... 190.000 tons. 

90 per cent, benzol ... 17,000,000 gallonB. 

Dealing with these separately, it is found in the case of tar 
that the present production is about 820,000 tons and the pos- 
sible increase about 510,000 tons, making together 1,330,000 
tons as the possible production. The question as to whether this 
could be absorbed or not is a difficult one. The tarring of roads 
would, if universally adopted, present an outlet for about 800,000 
tons, an amount greater than the possible extra production in 
1906, but this is a question for the future. There are two other 
possible outlets for additional tar — an increase in the amount of 
small coal briquetted, and the carrying out of the suggestion that 
poor coals might be successfully coked after the addition of a 
certain proportion of tar or pitch. 

With sulphate of ammonia the question is simpler: the in- 
crease of 100,000 tons in the last nine years has not caused 
the price of sulphate to fall, and there is no reason that the writer 
knows of to fear that a gradual increase would seriously inter- 
fere with the value of this material, as the demand for nitrogen 
for plant-food is almost unlimited. The Japanese have adopted 
wheat as a food in the place of rice, and are now large importers 
of sulphate of ammonia, and the Chinese and other nations may 
follow their lead. 

With regard to benzol, there is a fairly bright outlook, the 
present production in 1906, estimated at 5,500,000 gallons, hav- 
ing been all absorbed either for colour-works or for gas enrich- 



Vol. XXX.] 



BYE-PHODUCTS FBOH COKE-OVENS. 



213 



ment. During the last.year it has come into extended use as a fuel 
for explosion-engines, and (so far as can be seen at present) this is 
the only use that can be largely extended. It is estimated that 
30,000,000 gallons of petrol were u*sed for motor-vehicles and 
other explosion-engines in this country last year and that the 
present rate of increase in its use is 5,000,^0 gallons per year. 
Any large increase in the output of petrol must mean an increase 
in price, for it only forms a limited proportion of the crude petro- 
leum from which it is made, and outlets have to be found for the 
residual burning and lubricating oils, paraffin, wax, and pitch, 
and this does not appear to be easy. 
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DiSTILLATION-CnBVBS IN DeOBIES CbNTIOBADB. 



The writer was informed by a very good authority that the 
supply of petrol is gradually approaching its limit, and that any 
further increase in the demand for motor fuel must be met from 
other sources ; moreover, it is stated that the use of the heavier oils 
or paraffins in spray-carburetters is being seriously considered. 
In view of these considerations the demand for, and consequently 
the value of, benzol for this use is more likely to be increased than 
otherwise. Benzol is a very efficient fuel for motors, as, volume 
for volume, about 20 per cent, greater efficiency can be obtained 
from its use. Its range of temperature on distillation is only about 



214 BYE-PEODUCTS FROM COKE-OVENS. [Dec, 1907. 

86^ Fahr. (30^ Cent.), against 212<^ Fahr. (100^ Cent.) for most 
samples of motor-spirit ; and this is well illustrated by the curves 
(fig. 2), which show the temperature at which each 5 per cent, dis- 
tils. This means that its efficiency is more constant, and that no 
trouble owing to the formation of stale spirit need be feared. It is 
a home-product, and the supply would not be interfered with in 
the event of political complications. If all the benzol possible were 
recovered, it does not equal the present demand for motor fuel, so 
that no fall in its value need be anticipated. 

In conclusion, if the writer has interested the members 
sufficiently to induce them to consider the advisability of inves- 
tigating for themselves the question of the adoption of recovery- 
ovens as a less wasteful process than the old one, he will have 
been amply repaid. His thanks are due to the proprietors of 
the various coke-ovens and to firms who have kindly supplied 
information given in the paper. 

On the motion of the President (Mr. John Ashworth), sec- 
onded by Mr. Sydney A. Smith, a cordial vote of thanks was 
accorded to Mr. Coleman for his interesting and most valuable 
paper. 

The discussion of the paper was adjourned. 



CONGRATULATIOXS TO MR. JOSEPH DICKIXSOX. 

The President (Mr. John Ashworth) and all the members 
present offered their congratulations to Mr. Joseph Dickinson, 
who, on November 24th, completed his eighty-ninth year. 

" I am sure," the President remarked, " we are all exceed- 
ingly pleased to see our worthy friend still amongst us and so 
active." 

Mr. Joseph Dickixsox (Pendleton), in reply, stated : ** I entered 
upon my ninetieth year on Sunday, November 24th. I am very 
much obliged to you for your kind congratulations. Long life is a 
great gift, but it has its drawbacks. We who attain to great 
length of days have many losses to bear. I stand before you 
as a member of a large family and the la.st survivor. Still, we 
have the memory of those who have gone to cheer us, to guide 
us, and to lead us, and there is a gain, taking it altogether, in 
a long life." 
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SECTION OF BORE-HOLE AT MESSRS. MARK FLETCHER 
AND SON'S WORKS AT MOSS LANE, WHITEFIELD, 
LANCASHIRE. 

By JOSEPH DICKINSON, F.G.8. 



As this part of the Lancashire coal-field is covered with deep 
drift, and as there are no colliery-workings in the immediate 
neighbourhood, the section is likely to prove of use to geologists 
and mining engineers. 

The section was proved by Messrs. Chapman and Sons, Sal- 
ford, while rope-boring for water, the actual strata being of 
secondary importance; but a few cores were taken as likely to be 
useful. 

These cores were viewed by the writer and Mr. William Pick- 
stone on September 18th, 1907, which resulted in the original 
section being thus detailed. The cores show the dip of the 
strata to be about 1 in 4^, and tha;t the strata first met with 
appear to correspond to the red measures under the Permian 
Sandstone proved in the section at Heaton Park, as communi- 
cated by the writer to the Society, and printed in the 
TransaciionB.'^ 

The site of the Whitefield bore-hole is at the north side of 
Mose Lane, leading to Unsworth, about 1,200 feet from Four 
Lane-ends, and close to the western side of Messrs. Mark Fletcher 
and Son's works. 

Sbotion ot Strata bobed thsouoh at the Wobks of Messrs. Mark 
Fletcher and Sons, Limited, Moss Lane, WmTEFiEU). 



Description of Strata. 

Loamy clay 
Boulder-clay ... 

Quicksand 

Dark clay 

Gravelly clay, with 

atones 

Strong clay 

Gravel 

Mixed clay and fpravel 



Thick- 
neuof 
Strata. 



Depth 

ftrom 
Surface. 



Ft. las. Ft. Ins. 

15 15 

109 124 

18 6 142 6 

5 6 148 



5 

9 

16 

5 



153 
162 
178 
183 



Description of StraU. 

Light • red clay, with 
bands of lisht- 
coloured red shale 

Beds of flag-rock 

Red day, with thin beds 
of shale 

Red shale, with bands 
of sandstone 

Red shale 



Thick, 
nessof 
Strata. 



Depth 
from 
Surface. 



VU Ins. Ft. Ins. 



12 
5 



195 
200 



8 208 



60 
68 



258 
326 



* "Heaton Park Bore-hole, near Manchester, with Notes on the Sur- 
roundings," by Mr. Joseph Dickinson, Trana. M, O. S,, 1902, vol. zzviii., page 69. 
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Deicription of Strata. 

Fine sandstone 

Soft red shale 

Black shale 

Mixed various-coloiired 
shales 

Various gritty shales . . . 

Close-grained hard sand- 
stone 

Gritty shale 

Close sandstone-rock ... 

Red gritty shale 

Red snale, with thin beds 
of fine sandstone ... 

Coarse sandstone 

Shale, with thin bed of 
sandstone 

Gritty shale 

Coarse sandstone 

Gritty shale 

Sandstone-rock 

Various coloured shales 

Black soft shale 

Grey shale 

Grey shale, with bands 
of fine grey sand- 
stone 

Hard grey sandstone . . . 

Rag-rock 

Grey shale 

Hard band of grey rock 

Fine flag-rock 

Gritty shale 

Very hard band of fine 
stone 

Light-grey shale 

Black shale, with thin 
seam of coal 

Grey shale 

Black shale 

Mixed shale 

Red gritty shale 

Very hard gritty shale 

Very hard fine sandstone 

Hard gritty red shale ... 

Red and black shales ... 

Black shale 



Thick- 
neasof 
Strata. 
Ft. Ins. 





1 
55 
10 



37 
35 

10 
2 
5 

18 

24 
4 

3 

5 

14 

5 

35 

14 

1 

2 



Depth 

from 
Surface. 
Ft. Ins. 

327 
382 
392 



429 
464 

475 

477 
482 
500 

524 
628 

531 
536 
550 
555 
590 
604 
605 
607 



3 





610 


6 


2 





612 


6 


2 


6 


615 





7 





622 








6 


622 


6 


4 





626 


6 


29 





655 


6 





6 


656 





15 





671 





5 


6 


676 


6 


38 


6 


715 





2 





717 





1 


6 


718 


6 


3 


6 


722 





2 





724 


8 


2 





726 





6 


726 


6 


1 





727 


6 


26 





753 


6 



Description of Strata. 

Hard grey shale 

Grey skale 

Black and erey shales ... 

Shale, with thin hurd 
band 

Grey shale 

Gritty grey shale 

Grey shale 

Mixed grey, black, and 
red shales, with 
bands of fine sand- 
stone 

Red shale, with beds of 
sandstone 

Grey erit-rock 

Mixed red and grey 
shales 

Dark-red clay 

Mixed red clay and 
shales 

Grey shale 

Grey rag-rock 

Grey shale 

Red clay and shale 

Black snale and clay. ... 

Grey rag-rock 

Grey rag-rock, with 
shale 

Grey rag-rock 

Black shale 

Grey shale, with bands 
of raff-rock 

Grey sha& 

Grey and black shale ... 

Soft black shale 

Mixed shales 

Grey shale 

Mixed grey and black 
shales 

Rag-rock 

Grey shale, with thin 
beds of rag-rock ... 

Red shale 



Thick- 
ness of 
Strata. 
Ft. Ins. 

3 6 



17 
42 

2 
4 

7 
27 



4 
6 

8 
1 

12 
10 
2 
9 
2 
1 
10 

2 
1 


5 
4 
2 
2 
2 
12 

17 
1 

2 

1 



Depth 
from 
Surface. 
Ft. Ins. 
757 
774 
816 



818 
822 
829 
856 



3 859 



878 
879 

891 
901 
903 
912 
914 
915 
925 

927 
928 
929 

934 
938 
940 
942 
944 
956 

974 
976 

977 
978 



Total depth from surface ... 978 



The details of the aboye proving by rope-boring are as follows : — 
Well to 27 feet. • 

Borehole to 978 feet. 

Tubing 20 inches in diameter, from 26^ feet to 93 feet below the surface. 
„ 16 ,, n i> ft 26i „ ,, 226 ,, „ ,, , . ,. 

» 13J „ „ „ >, 40 „ aboye bottom of the 16-inch tubing 

to 467 feet below the surface. 
„ 11 „ „ „ „ the surface to 479^ feet. 

The remaindw of the hole was untubed. 



A cordial vote of thanks was accorded to Mr. Joseph 
Dickinson and to Messrs. Chapman and Sons, for this addition 
to the information irelating to the geology of the district. 



M''Jofm A.'ihMori 



Voz..X2[X/KPiAT£m. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

Hbld IK THE Rooms of the Society, Queen's Chambers, 

6, John Dalton Street, Manchester, 

January 14th, 1908. 



Mr. JOHN ASH WORTH, President, in the Chair. 



The following members were elected, having been previously- 
nominated : — 

Members — 

Mr. Edward T. Da vies, Colliery Manager, Wynnstay Colliery, Ruabon, 
North Wales. 

Mr. A. Ghosb, Mining Engineer, 42, Shambazar Street, Calcutta, India. 

Mr. George Booker Hackett, Mining Engineer, P.O. Box 3117, Johannes- 
burg, Transvaal. 

Students— 
Mr. George Bennett Eccleshall, 34, Bradford Terrace, Worsley Road, 

Farn worth, near Manchester. 
Mr. Thomas Emrys Evans, 5, Kelnerdeyne Terrace, Rochdale. 
Mr. Edward Fielden Pilkington, The Headlands, Prestwich, Manchester. 



DISCUSSION OF MR. W. H. COLEMAN'S PAPER ON 
"BYE-PRODUCTS FROM COKE-OVENS,"* OF MR. 
W. B. M. JACKSON^S PAPER ON " A BYE-PRODUCT 
COKING-PLANT AT CLAY CROSS,''t AND OF MR. A. 
VICTOR KOCHS' " NOTES ON BYE-PRODUCT COKE- 
OVENS, WITH SPECIAL REFERENCE TO THE 
KOPPERS OVEN."t 

Mr. Charles Pilkington (Manchester) said that he felt that 

those who w^ere colliery proprietors ought to be able to discuss 

these papers, and he was rather ashamed that he knew so little 

of the subject. He thought that they would all have to go 

thoroughly into this question, if they were to make the coal-trade 

pay in the future, when it became more expensive to get coal ; 

• Trans, Iivtt, M, K, 1907, vol. xxxiv., page 331 ; and Trans. M, O, M. 8,^ 
vol. XXX., page 197. 

t Trans, Inst, M, E., 1907, vol. xxxiii., page 386. % Ibid,, page 398. 
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and he hoped that, in three or four years' time, if this question 
came up again, they would be able to say something- about it, 
or, at all events, that the younger members would. 

The President (Mr. John Ashworth) called attention to the 
Armstrong vertical bye-product coke-oven, and explained that 
this oven was constructed on a totally different plan from that 
adopted generally in the construction of bye-product ovens. Its 
vertical construction admitted of considerable pressure during 
the coking period, and its circular form allowed of a larger out- 
put than was possible with the horizontal ovens; it was also 
cheaper in construction. It was efficient in the utilization of 
the heat generated in the combustion-flues — as might be gauged 
from the fact that, although the oven was internally very hot, 
the outside brickwork remained just sensibly warm to the hand. 

The strong pressure brought to bear upon the coal in the 
vertical oven produced denser coke, and the heavy hydrocarbons 
from the escaping gas passed through the coke above, the residt 
being that a very fine coke, free from gas, was produced. The 
attention required to be bestowed upon this vertical oven was, 
he understood, less than was necessary in the case of horizontal 
ovens; and, in fact, he (Mr. Ashworth) considered that it pos- 
sessed quite a number of advantages over existing types. 

A report upon the new oven had been prepared by Mr. W. 
Carrick-Anderson, in the course of which that gentleman 
stated that — 

** The coke produced waa of a very superior quality. Most of it was of a fine, 
silver-grey colour ; for a 40 hours coke it was hard and strong, and the porosity 
waa very even. Dark-coloured and soft pieces were very few ; and little 
di£ference, if any, could be detected between the stuflF drawn from the upper and 
lower parts of the oven, showing very uniform heating throughout the flues. 
The average length of the pieces was considerably greater than can be got from 
the ordinary horizontal ovens; and, as the width of this oven could, in my 
opinion, be yet further increased for use with very strong coking coals, it would 
appear to be possible by its means to obtain bye-product coke at a length hitherto 
only to be got by the use of the beehive oven." 



Appendix to Mr. W, Carrick-Andebson's Report on Trial of Armstrong 
Patent Coke-oven, November 13th to 15th, 1907. 

Weight of washed Durham coal charged into oven on November 

13th, 1907, ate p.m 4 16-0 

Deduct adherent moisture, 5*74 per cent. 5 '6 



Net charge of air-dry coal 4 10 '5 
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<!k>ke drawn from oven on November 15tb, at 10*30 a.m., weighed 

in waggon 

•Specimens additional 

Total weight 

Deduct moisture, 0'62 per cent. 

Net dry coke 

Dry coke drawn » 80*9 per cent, of air-dry coal, 
Laboratory results - 71*92 », 



Tons. Cwts . 



Volatile matters : 
Gas, tar, etc. 
Water ... 

€oke: 

Fixed carbon 
Ash ... 



Analysis of Coal. 

Air-dry. 
Per Cent. 

27*09 

0*99 

66*78 

6*14 

Totals 100*00 



1300 
0*75 



13*76 
0*60 



3 13*26 



Moist u charged. 
Per Cent. 

26*62 
6*73 

62*91 

4*84 

10000 



Total sulphur 

"Caking index 

Coke 

Ash 



Moisture 
Gas and tar 
Sulphur 



Per Cent. 


Per Cent. 


0*928 


0*874 


— 


18 


— 


Swollen and bright. 


— 


Reddish.white. 


YSIS OF COKB. 






Per Cent. 


... 


0-62 


... 


1*37 


... 


0*776 



November 21th, 1907. 



W. Carrick-Andbbsok. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING. 

Held in the Rooms of the Socibtt, Queen's Chambers, 

5, John Dalton Street, Manchesteb, 

Febbuart 11th, 1908. 



Mb. JOHN ASHWORTH, President, in the Chair. 



DISCUSSION OF MR. DAVID M. S. WATSON'S PAPER ON 
" THE FORMATION OF COAL-BALLS IN THE COAL- 
MEASURES."* 

Mr. Joseph Dickinson (Pendleton) said that the paper de- 
scribed properly the Upper-foot coal-seam and its junction with 
the Gannister coal-seam near Bacup, forming northwards one 
seam known as the " Mountain Four-foot." It further described 
certain peculiar accompaniments, notably that '' coal-balls oc- 
cur in at least two other coal-seams in Lancashire," one of 
them at Stalybridge, the other near Laneshaw Bridge, about two 
miles north-east of Colne, probably in the Second Grit. Both of 
these statements were more than questionable. A reference ta 
Sheet 105 of the 6-inch Geological-Survey map showed that at 
Stalybridge it was the Upper-foot and Gannister seams, with 
fossils, which cropped out there. This was confirmed by exten- 
sive workings in the Gannister coal, up to about the year 1858. 
With regard to the coal-workings at Laneshaw Bridge about 100 
years ago, he would mention that the mine had since been re- 
opened, and was known as the Mountain Four-foot (consisting 
of the Upper-foot and the Gannister). The supposition of three 
similar fossil-horizons therefore disappeared, the supposed three 
being one and the same. 

This horizon was a sure guide, and was well defined in the 
eastern parts of the Lancashire coal-field. Some of its fossils 

♦ Trans. InsL M. K, 1907, vol. xxxiv., page 177 ; and Trans, M. O. M, S,, 
vol. XXX., page 135. 
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were found in other parts of the coal-field, both above and 
below, but not with the peculiarly complete series of calcareous 
and ferruginous concretions, nor with the same mine-water, 
which possessed the property of turning a person's skin brown 
as if with nitric acid. 

It was unfortunate that the error had been made in the paper, 
and he should like the correction to be made in the Transactions. 

Mr. William Watts (Wilmslow, near Manchester) said that 
the thanks of the members were due to Mr. Dickinson for his 
remarks, which were simply an explanation of where coal-balls 
had been found, apart from the places mentioned in Mr. Watson's 
paper. Mr. Dickinson wished to give a wider area for the 
location of these particular nodules or balls. 

Many years ago he (Mr. Watts) had found a coal-ball in one 
of the lower coal-seams, under Gorse Hall, Stalybridge, which 
had the appearance of a round-headed hammer at both ends, and 
was composed internally of gritty material with an external film 
of carbonaceous matter. Both ends were practically equal in 
size, and evenly narrowed down in the middle. 



Mr. John McArthub Johnston read the following paper on 
" Stirling and other Water-tube Boilers as applied to Collieries 
and Coking-plant " : — 
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STIRLING AND OTHER WATER-TUBE BOILERS AS 
APPLIED TO COLLIERIES AND COKING-PLANT. 

By JOHN MoARTHUR JOHNSTON. 



The writer does not propose to deal with the historical aspect 
of the water-tube boiler, but to confine himself to the modem 
water-tube boiler, and the resuHs obtained from its use within 
recent years. 

The success which attended well-designed water-tube boilers 
led to the invention and production of a large variety of boilers 
of this type, some of which were possessed of useful and desir- 
able features. Three of the best known water-tube boilers are 
the Babcock and Wilcox (fig. 3), the Stirling (figs. 4, 5 and 6), and 
th« Climax; the first-montioned having straight tubes, with 
which the members no doubt are familiar, the Stirling slightly 
bent tubes, and the Climax curved tubes. 

The Climax (or Morrin) boiler consists of a vertical drum, 
into which are expanded a large number of loop-like tubes. 
These tubes extend practically from top to bottom of the drum, 
and form the chief portion of the heating-surface. A firebrick- 
lined casing surrounds the boiler and forms the combustion- 
chamber, which is circular in form like the firegrate* the water- 
level being at a point below the top i^ows of tubes. This boiler 
occupies small floor space, and gives dry steam, but the circula- 
tion has no definite path to follow, and the drum is subjected 
to considerable variations in temperature. 

In dealing with water-tube boilers in this paper, the author's 
object is to place before the members results obtained in actual 
practice, not merely test-figures showing what has been done 
during an hour s test here and there ; and to show the economy 
of water-tube boilers when compared with cylindrical boilers 
under the same conditions, especially where fairly large installa- 
tions are concerned. 

A few comparisons of the work done by water-tube boilers 
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against those of the cylindrical or internally-fired type will serve 
to illustrate the advantages to be obtained by using boilers of the 
water-tube type. 

Lancashire, Cornish, egg-ended, and other externally-fired 
boilers, have for many years been in extensive use for steam 
generation in iron- txnd steel-works, coal- and iron-mines; but. 





Fig. 1.— Water-turbine 
Tube-cleaner. 



Fig. 2.— Chain-scrapeb 
Tube-cleaner. 



with the march of progress, water-tube boilers have in recent 
years been installed in a large number of such works. The 
increasing number of boilers, of the water-tube type, which have 
been put down at iron- works and mines have testified to the 
advantage which they have over the older type of boiler, and call 
for more serious consideration than they have usually received 
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from those who have hitherto shunned them as being doubtful 
or troublesome. The experimental stage has long since been left 
behind, and hundreds of steam users are now convinced that they 
have made a big step forward by installing water-tube boilers 
when extensions of plant had to b© considered. 

The writer would refer to Mr. Bryan Donkin's work on " The 
Heat Efficiency of Steam Boilers,"* which is valuable as con- 
taining a record of 400 carefully made boiler-tests under various 
conditions. This book contains a large number of tests for each 
type of boiler, and shows the average results as representing 
fairly well the efficiency of the different types of boilers. 

The latest edition of this book is dated 1898, and although the 
cylindrical type of boiler has been improved very little ^ince 
the book was compiled, the water-tube boiler has made very con- 
siderable advancement, in numbers, in detail, and in design. 

Of the 107 tests of Lancashire boilers recorded in this book, 
the efficiency averaged 62*4 per cent. Unfortunately, Mr. Donkin 
does not give an equal number of tests of the water-tube boilers ; 
but at the head of the list were shown water-tube boilers with an 
efficiency of 77*4 per cent. 

In comparing the Lancashire boiler with a properly designed 
water-tube boiler, it is safe to say that the efficiency of the latter 
represents a saving in coal of about 15 per cent. Without a 
careful study of all the causes and effects that lead to this result, 
the statement appears to be rather a startling one ; nevertheless, 
many large works, where both types of boilers are in everyday 
use, have shown conclusively that such saving was effected by 
means of water-tube boilers. As an example, the writer may 
mention that a boiler which burnt 10 tons of coal per day, with 
coal at 10s. a ton, would represent a saving of £170 per annum, 
and in a very few years' time the water-tube boiler would have 
paid for itself. 

Circulation, — ^The circulation in a cylindrical boiler of the 
Lancashire or Cornish type is by convection currents. In the 
Stirling boiler the circulation is rapid and follows a definite 
and pre-determined path, and is so arranged that the dirt, sedi- 
ment, and matters held in solution, are deposited in a drum 
placed as far as possible from the hottest gases or furnace. One 

* The Heat Efficiency of Steam Boilers : Land^ Marine, and Locomotive, 
by Bryan Donkin, 1898. 
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very important feature of the extemally-fired water-tube boiler 
being that the combustion-chajnber is enclosed on three sides 
by firebrick walls, the initial temperature in the combustion- 
chamber is consequently maintained at a very high rate, which 
ensures practically complete combustion before the gases come in- 
to contact with the heating surfaces of the boiler. The tempera- 
ture in the combustion-chamber is, therefore, much higher than 
in the internally-fired boiler, in which the fire is surrounded by 
the cooling surfaces of the boiler. On the grate of the firebrick- 
lined furnace, very low-class fuel can be burned with high effi- 
ciency, a point of very great importance, as will be seen from 
the figures given below, which are taken from actual practice. 




Fig. 3.— Babcock jl&j) Wilcox Water-tube Boiler. 

In a works with economical mill-engines of 500 indicated 
horsepower, and Lancaj^hire boilers, coal costing 12s. per ton was 
used, with a consumption of 2 pounds per indicated horsepower, 
which amounted to £2 8s. 3d. per day, or £723 per year of 300 
working days. 

Water-tube boilers were substituted, with special grates for 
burning ** gum " or " smudge '' costing 4s. per ton. The con- 
sumption of this fuel was 2i pounds per indicated horsepower, the 
cost per day of 10 hours being £1 2s., or £330 per annum, show- 
ing a saving of over 50 per cent, for the same amount of steam 
produced. Naturally, to bum fuel of this class ample boiler- 
power is required, but the increase in capital expenditure would 
be in a very short time repaid by the saving in running-costs. 
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Choice of Boiler, — The choice of a boiler is a business proposi- 
tion, and sentiment should not be allowed to enter into it. The 
purchaser naturally takes into account the business aspect of 
the transaction, and the following points require due considera- 
tion: — (1) Safety, (2) cost of maintenance, (3) cost of cleaning, 
(4) fuel economy, and (5) first cost. The author has placed these 
points in the order named, that being the order of their importance 
in the minds of most users. 

In choosing a boiler the steam user would probably ask: 
" What steam-generator will earn the most money, at the least 
cost of coal and maintenance? " The Lancashire boiler, which 
is a popular and well-tried steam-generator, is probably better 
known than any other form of boiler. Generally speaking, when 
new plant is under consideration, it becomes a simple matter to 
fix the number of Lancashire boilers required ; but it is equally 
wellknown that this type of boiler has also its faults, and it 
may be assumed that its defects have come to be taken as a 
part of the boiler itself, and therefore, owing to custom, do not 
receive any serious consideration when making choice of the 
boiler to be installed. 

It is often stated in favour of the Lancashire boiler that all 
of the internal surfaces are accessible for cleaning and examina- 
tion, that it has a large volume of water, and large steam space ; 
but it also has a small ratio of heating-surface to grate-area, 
the ratio being about 26 to 1 ; consequently the gases pass away 
to the flue at a high temperature, and therefore the efficiency 
is low. The ratio of heating-surface to grate-area in a water- 
tube boiler is frequently about 65 to 1. 

Design. — ^In the cylindrical type of boiler, owing to its design 
there is a large area of heating-surface present for the collection 
of deposits, which constitutes a defect. The design of a Lanca- 
shire or Cornish boiler permits of various stresses and racking 
strains being set up in different parts; when the various tem- 
peratures applied to the several parts of the furnace-tubes and 
shell are considered, it will be seen that totally different rates 
of expanjsion take place, resulting frequently in grooving, and 
other defects. 

It might be noted that if this boiler be worked at low rates of 
evaporation, say from 4,000 to 5,000 pounds per hour, the effi- 
ciency rises to from 55 to 65 per cent. ; but nowadays boilers are 



Vol. XM.] STIRLING AND OTHEE WATER-TUBE BOILERS. 



227 



rarely boug>ht or sold to work at a low rate of evaporation, the 
tendency rather being to overload the boiler: consequently, the 
gases leave the boiler at a high temperature, which has the effect 
of reducing the efficiency to about 50 per cent. 

In the event of overheating of the furnace-tube of the cylin- 
drical type of boiler, due to excessive scale, or shortness of water, 







^^^%: 
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Fi«. 4. — TuRBB-DRUM Type OF Stirlin« Watkr-tube Boiler. 

from neglect, the tube becomes red-hot and pliable ; and, being 
unable to withstand the pressure, it collapses, and probably rup- 
tures, with serious results. The boiler is then necessarily laid off 
for a considerable time for repairs, which moreover necessitate the 
services of a skilled boilermaker. 

One special feature of the water-tube boiler is safety, and 
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should a rupture in a tube occur, it is purely local in its action, 
and only a limited amount of water and steam contained in the 
tube can immediately escape, and consequently, no serious damage 
to property occurs ; while in the cylindrical boiler there is a large 
volume of water, which, if suddenly released, might cause 
serious loss of life and damage to property. 

If ever a Lancashire boiler, 30 by 8 feet, working at, say, 160 
pounds per square inch (the usual pressure nowadays), were to 
rupture in the shell, terrible wreckage and loss of life might 
occur. How disastrous Lancashire boiler explosions have been, 
and might be, is wellknown, and may be illustrated by the fact 
that some years ago a Lancashire boiler, 7 feet in diameter, and 
working under a pressure of 80 pounds per square inch, exploded 
at Batley (Yorkshire), causing the loss of 23 lives, and doing 
immense damage. 

In the cylindrical type of boiler the ratio of heating-surface 
to grate-area is practically a fixed quantity: the grate may be 
lengthened, though not increased in width ; but in a water-tube 
boiler the ratio can be varied at will, to obtain the best economy 
from the different classes of fuel. 

In the event of repairs being necessary in a boiler of the 
water-tube type, the works' mechanics, not necessarily skilled 
men, can do all that is required. At the worst, supposing that a 
tube becomes split, or bulged, through scale or neglect in other 
ways, such as oil being allowed to come into contact with the 
heating-surfaces, all that need be done is to cut out the defective 
tube and put in a new one, expand both ends, fill up the boiler, 
and go ahead again. This can be done in a short space of time. 
In the cylindrical type of boiler the surfaces in the external 
flues rapidly became coated with soot, which is an exceedingly 
bad conductor of heat, and there is only one means by which 
these surfaces can be cleaned, namely, by entering the flues and 
cleaning by hand. In the water-tube boiler, all deposits of flue- 
dust, fine ash, etc., can be removed at any time by means of the 
steam-lance, applied through sooting-holes and doors provided 
for that purpose, and without interfering with the work of the 
boiler. 

Combustion. — The space for combustion in the cylindrical 
type of boiler is very limited; the gases rising from the fuel 
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(freshly fed) are cooled on the furnace-plates, and consequently 
perfect combustion is not attainable, and black smoke issues 
from the chimney. The above remarks apply especially when 
the boiler is working under forced conditions. With hand-firing 
much excess air passes through the thin places in the fire, and 




Fig. 6.— Four-dbum Type of Stirling Watkb-tube Boiler. 

complete mixture of the gases does not take place. Unless a 
proper mixture of the gases takes place, the efficiency must be 
low. 

The design of the water-tube boiler exhibited before the 
members permits of a very spacious combustion-chamber, 
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which, as before mentioned, is lined with firebrick, with a fire- 
brick arch immediately over the fire; this arch becomes white- 
hot, and serves various useful purposes, namely, assisting the 
ignition of the freshly-fed fuel, igniting the gases (requiring a 
high temperature), also heating the air which rushes in when 
the firing door is opened, and thus preventing any of the dele- 
terious effects resulting from the sudden impingement of cold 
air on the heating-surfaces. It will be readily admitted that the 
firebrick arch is entitled to special attention, and that it is a most 
useful factor in the economy of the water-tube boiler; being 
maintained at a great heat it ensures practically perfect com- 
bustion, as the gases aire completely consumed before they come 
into contact with the heating-surfaces of the boiler. 

It is admitted that perfect combustion can only take place in 
a properly-designed firebrick-lined furnace. It is also well- 
known that no type of boiler attains perfection in its work, but 
reason dictates that we may safely choose the boiler which most 
closely approaches perfection. 

In modem practice, it is desirable to work with high-pressure 
steam-engines, which necessitates boilers capable of supplying a 
fixed quantity of high-pressure steam economically. In such a 
case the cylindrical type of steam-generator is required to be 
built of plates of great thickness, in order to withstand the high 
pressure, and thus the initial cost is considerably increased. 

The writer would mention that he has selected the Stirling 
boiler for comparison with other types, because he is more 
familiar with that type of water-tube boiler. 

This boiler (fig. 5) consists of three upper steam and water- 
drums, and one lower or mud-drum, with various modifications 
(figs. 4 and 6), connected by three banks of tubes slightly bent so 
as to enable them to enter the drums radially; the bends also 
serve to take up the expansion and contraction due to the varia- 
tions of temperature at the different parts. The front and central 
drums are connected by bent tubes in both steam and water-spaces, 
but the rear drum is connected to the central drum in the steam- 
space only. The thnee upper drums rest on a steel framework, 
which constitutes the whole support of the boiler. This is a very 
important feature, as the arrangement allows free play to the 
lower part of the boiler, when subject to varying temperatures, 
and consequently there can be no racking strains at any part. 
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Course of Gases. — The gases, after leaving the region of the 
grate and arch, travel up the first bank of tubes, guided by a 
baffle-wall, cross over to the second bank of tubes, and travel 
a downward path to the bottom of the second baffle-wall, thence 
crossing to the third bank of tubes, along which they are made 
to pass upwards and to the chimney. 

Course of Water, — The feed-water enters at the rear drum, 
and flows down the rear bank of tubes to the mud-drum ; during 




Fig. 6.— Five- drum Typk of Stirtjng Water-tube Boii^r. 

this passage sufficient heat is taken up by the water to rendei 
insoluble any lime-salts contained therein, which with the mud 
are deposited in the bottom drum. From the bottom drum the 
water and steam rush up the front bank of tubes to the front 
drum, from which the water then flows to the central drum, and 
thence downwards to the mud-drum, thus creating a flow in a 
circular tour at a rapid rate. 

Economy and Circulation. — Theoretically, one pound of fuel 
of a known heat value is capable of evaporating a certain fixed 
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quantity of water, but, in practice, the theoretical evaporation 
is never reached, for obvious reasons; and it follows that the 
most efficient boiler is that which will absorb or utilize the most 
heat from the fuel. This, expressed as a percentage of the 
theoretical amount, varies with different types of boilers from 
40 to over 80 per cent. 

Rapid circulation is a potent factor in the economy of heat- 
transmission from the furnace gases to the water in the boiler, 
the evaporation depending on the difference in temperatures 
between the furnace gases and the water in the boiler; the 
greater the difference between the two temperatures, the more 
heat is transmitted through the plate; consequently more heat 
is absorbed by the water, and more water is evaporated. When 
the circulation is sluggish, the bubbles of steam adhere too long 
to the plate, the difference of temperature is le^s, and evapora^ 
tion is slow. By increasing the circulation, more heat is trans- 
mitted, as the water and steam do not remain so long in contact 
with the metal ; economy is therefore obtained by increasing the 
circulation, an advantage that the water-tube boiler has over 
the cylindrical type of boiler, in which, as is well known, the 
circulation is bad. 

Safety, — Betuming to the design and construction of the 
Stirling boiler, the writer would point out that as all the surfaces 
are either cylindrical or spherical, no stays are required. No 
castings are employed, and the whole arrangement is practically 
elastic; trouble from leaky joints or tube-plates, therefore, 
should never exist. 

Another important feature is that the riveted joints are not 
exposed to the action of the fire. There is ample room for ex- 
pansion and contraction of the parts where the greatest heat is 
applied. 

Assuming that an installation of eight Lancashire boilers, 
30 by 8 feet, is required at a working pressure of 200 pounds with 
an economizer, these would occupy, including firing platforms, 
5,760 square feet of ground. Water-tube boilers to take the 
same duty would occupy a space of 2,436 square feet of ground, 
including economizer and firing platforms, being half the area. 

The approximate price of such Lancashire boilers and econo- 
mizer would be £4,600, while the water-tube installation would 
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cost approximately £3,500, including economizer. The net sav- 
ing in capital outlay would be £1,000, and in addition there 
would be a saving of at least 60 per cent, on the expenditure in 
steam and feed-piping. Estimating the cost of coal at lOs. per 
ton for a period of 50 weeks of 60 hours each, the saving per 
annum would represent 24 per cent, on the capital outlay. The 
saving in fuel, capital expenditure, piping, and rates and taxes 
for floor space, would represent a considerable one over the 
Lancashire type of boiler. 




Fio. 7.— Stirtjno Boiler fed by Blast- fubnacb Gas. 

Feed-water. — The writer is of opinion that all feed-water to 
boilers should be free from matter which might be deposited in- 
side; but in many cases this state of affairs cannot readily be 
obtained. Very many Lancashire boilers are seldom, if ever, 
properly scaled, because of the long time necessarily occupied in 
the operation. For removing scale from the tubes of water-tube 
boilers, the author exhibits two sets of apparatus. Onie is a 
simple mechanical apparatus by which the internal surfaces can 
be cleaned in a very short time and at a small outlay (fig. 1). 
It consists of a small water-turbine connected to cutters and 
chippers, operated by water-pressure of about 100 pounds per 
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square inch. The bends in the tubes present no obstacle to 
this machine. The second device (fig. 2) is a scraper for re- 
moving comparatively soft scale, and drawn through the tubes 
by means of a chain. The difficulty of cleaning water-tube 
boilers is often a point urged against this class of boiler, but 
only by those without experience of them, or by those who have 
handled some of the earlier types of water-tube boilers ; but 
there is no reason why this simple mechanical contrivance should 
not clean quickly and thoroughly all the internal surfaces. The 
turbine should be connected by a li-inch hose-pipe to the feed- 
pumps or water-mains, and entered at the top ends of the tubes. 
The turbine, rotating at a high speed, causes the arms to fly out 
and round, so that the cutters remove the scale which is washed 
down in advance of the turbine into the bottom drum, whence it 
can be easily removed by hand. 

Water-tube boilers can be designed to work at high pressures 
with very moderate thickness of plates and tubes, also in very 
large units, up to 40,000 pounds evaporation in one boiler. This 
involves only one set of mountings, piping, etc., and occupies 
correspondingly less space than a number of cylindrical boilers 
to give a like duty. Another feature which may be noted is 
that cylindrical boilers, with their attendant economizer (an early 
form of water-tube boiler), require the services of more men 
than one large water-tube boiler, and runnintj^ costs are there- 
fore higher. 

The first cost of a water-tube installation is lower, the attend- 
ance-costs under many conditions are also lower, and, the coal- 
bill being less, the total saving is therefore considerable. 

Removing the scale from the heating-surfaces of a cylin- 
drical boiler is frequently a tedious and laborious task, attended 
with serious expense, and has to be eftVcte<l by hand-chipping. 
The narrow water-spaces between the flue-tubes and the shell 
are so difficult of access, that it is almost impossible to clean 
them properly. 

Water-tuie Boilers in connection with Coke-ovens. — During 
recent years a considerable number of water-tube boilers have 
been installed to utilize the waste heat from coke-ovens, and the 
results obtained have warranted their more general adoption, 
these results as regards efficiency not hai-ing been equalled by 
any other type of boiler. 
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The hot gases, on entering a water-tube boiler, become split up 
into a large number of small streams, and the thin metal of the 
tubes permits of rapid transmission of the heat to the water ; and, 
as the rapid circulation prevents the steam-bubbles from remain- 
ing any length of time on the heating-surfaces, the efficiency is 
maintained at a high rate. It will be seen on reference to figs. 4, 
5 and 6, that the gases enter at the bottom of the front bank of 
tubes. An ordinary firegrate is fitted for hand-firing, for use 
when the ovens are shut off. 

Assuming the average amount of water evaporated in a 
Lancashire boiler per pound of coal coked at from 1 to 1*4 
pounds, the aveiuge in a water-tube boiler is about 1'3 to 1*7 
pounds, being an increase of about 30 per cent. 

The mean evaporation over a four days' test of a water-tube 
boiler fired by waste-heat from coke-ovens (as shown below) was 
1*7 pounds of water for each pound of coal coked. The tempera- 
ture of the gases leaving the ovens was 2,000° Fahr., and the 
temperature of the gases entering the boiler 1,700° Fahr. ; the 
boiler-inlet was 29 feet from the coke-ovens, and, in consequence, 
there were large radiation-losses in the flue. 

The following is a comparison of the work of one water-tube 
boiler with that of two Lancashire boilers under similar condi- 
tions, at the Victoria Gaxesfield colliery, Rowlands Gill, near 
Newcastle-upon-Tyne : — 

Stirling Boiler. lAocaahire Boiler. 

Description of boilers 1 No. 12, Class A ... 2 of 28 by 8 feet. 

Number of coke-ovens 22 37 

Heating-surface 1,611 square feet ... 1,796 square feet. 

Water evaporated from and at 212^ 

Fahr. per pound of coal coked 1*7 pounds 1*33 pounds. 

Temperature of gas entering boiler 1,720'' Fahr 1,700° Fahr. 

Owing to reasons before mentioned, the water- tube boiler has 
the advantage of being able to abstract more of the heat from the 
gases than the cylindrical boiler. 

In 1907, a test was made over a period extending from May 
21st to 28th, at Chopwell colliery. County Durham, on a water- 
tube boiler fired by waste-gases from coke-ovens, and the follow- 
ing results were obtained : — 

Duration of test 168 hours. 

Heating.snrface of boiler 4,170 square feet. 

Coke-ovens (beehive) ... ... per oven 134*5 square feet. 
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Form of f arnftce : 

Heating-surface of saperheater 

Average boiler-pressure by gauge 

„ temperature of steam at the above pressure 

„ ,, of superheated steam 

„ amount of superheat 

„ temperature of feed-water entering the boiler 

,, „ of flue-gases leaving the boiler 

,» „ of gases entering the furnace ... 

„ „ of the external air 

Total quantity of coal as fired 

Quantity of coal as fired per hour 

Draught 

Total weight of feed- water to boiler (actual) 

Equivalent water evaporated from and at 212° Fahr. 

Factor of evaporation ... 

Water evaporated per hour 

£Squivalent evaporation per hour, from and at 212° 

Fahr. 

Evaporation under actual conditions per pound of coal 

carbonized 

Equivalent evaporation from and at 212'^ Fahr. per 

pound of coal carbonized 



47 coke-ovens gas-fired. 

295 square feet. 

157*4 pounds. 

370° Fahr. 

476-2° Fahr. 

106-2° Fahr. 

61° Fahr. 

600° Fahr. 

2,228-1° Fahr. 

60° Fahr. 

1,389,696 pounds. 

8,272 pounds. 

0*5 inch. 

2,136,700 pounds. 

2,734,976 pounds. 

1-28. 

12,718-4 pounds. 

16,279 5 pounds. 

1 '537 pounds. 

1-968 pounds. 



Blast-furnaces. — Water-tube boilers have also been fired by 
blast-furnaoe gas (fig. 7). The gas enters at a point immediately 
under the incandescent arch, the arch being dropped at the back to 
ensure better mixture of the air and gas. Any accumulation of 
dust can easily be removed by means of the steam- jet applied 
through the cleaning-doors, without shutting down the boiler. 

Explosion-doors are sometimes fitted to relieve the brick- 
setting of any strains, should an explosion of gas occur. 

At an iron-works in Scotland, comparative tests were made in 
1907 of Lancashire and water-tube boilers, fired by waste-heat 
from puddling-fumaces (fig. 7), showing the following results : — 

LancMhire Water-tube Water-tube 



Boiler. 



Pounda. 
50 
5-171 



Boiler, 

No.l. 

Pounds. 

50 

5-65 



Boiler, 

NaL 

Pounds. 

110 

5-66 



5-420 
2,923 



5-93 
3,032 



6-02 
3,016 



Pressure per square inch 

Water evaporated per pound of coal 
Water evaporated per pound of coal from 

and at 212° Fahr 

Water evaporated per hour 

Water evaporated per hour from and at 

212^ Fahr 

In this instance the water-tube boilers were Stirling boilers. 

Taking the " from and at " evaporations per pound of coal, 
from these figures it will be seen that when the water-tube boiler 



3,069 3,183 3,212 
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was working at 50 pounds per square inch the evaporation was 
9"4 per cent, higher in the water-tube boiler than in the Lanca- 
shire boiler. When working at 110 pounds per square inch, the 
evaporation of water per pound of coal in the water-tube boiler 
was 11 per cent, higher than in the Lancashire boiler. 

Coal-refuse, — ^When designing steam-plant for a new col- 
liery, it would be advisable to bear in mind the ability of a 
water-tube boiler to bum and generate steam from the unsaleable 
materials taken out of the pits. In a properly-designed grate of 
a water-tube boiler, almost any refuse from coal-mines can be 
used, including old pit-props, other damaged and rejected 
timber and road-sweepings, and quite a noticeable saving can be 
effected. 

In conclusion, the writer trusts that he has been successful 
in showing the advantages which may be claimed for the water- 
tube boiler over the older type, also that a boiler with these advan- 
tages can be designed possessing great safety with simplicity 
of construction, and an economy unrivalled by that of any 
other type of stationary boiler. 



Mr. G. B. Habbison (H.M. Inspector of Mines, Swinton) 
moved a vote of thanks to Mr. Johnston for his paper. 

Mr, Chables Pilkington (Manchester), in seconding the 
motion, asked whether the use of the chain-stoker did not cause 
a great loss of fuel. He knew that such was the case in 
many instances. With regard to the method of cleaning the 
tubes, it seemed to him that the wearing process might be 
very severe. 

Mr. J. McAbthub Johnston (Manchester), in acknowledging 
the vote of thanks, said that with regard to the chain-grate his 
experience showed that fuel was saved and not lost by its use. 
The coal was, by its use, laid in more regularly, and used more 
economically than could be done by hand-firing, and any coal 
that fell between the bars could be recovered. He was also of 
opinion that a much better mixture of the gases was obtained in 
this way than was possible by hand-firing. With regard to the 
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method of cleaning, the wear of the tubes by this process was 
slight and negligible; indeed, the methods of chipping and 
cleaning a Lancashire boiler were more destructive, in his 
opinion, than those in use for cleaning the tubes of a Stirling 
water-tube boiler. 

The further discussion of the paper was adjourned. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

Held in thb Rooms of thb Society, Queen's Chambbbs, 

5, John Dalton Stbeet, Manchbsteb, 

March 10th, 1908. 



Mb. JOHN ASHWORTH, Pbbsident, in the Chaib. 



The following' gentlemen, were elected, having been previously 
nominated : — 

Mbmbeb— 
Mr. J. E. H. LoMAS, Mechanical and Mining Engineer, 32, Great St. Helens, 
London, E.G. 

Membeb, non.fedbbated — 
Mr. WnuAM Cliffobd, Mining Engineer, Jeannette, Pennaylvania, United 
States of America. 



Mr. Geoege H. Winstanley read the following paper on 
" Accidents in Winding, with special reference to Hopes, Safety- 
•cages,and Controlling Devices for Colliery Winding-engines" : — 
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ACCIDENTS IN WINDING, WITH SPECIAL REFERENCE 
TO ROPES, SAFETY-CAGES, AND CONTROLLING^ 
DEVICES FOR COLLIERY WINDING-ENGINES. 



By GEORGE H. WINSTANLEY, F.G.S., M.In8t.M.E., Lecttubbb in 
Mining, Manchesibb Univebsitt. 



The official statistics for the year 1907, relating to accidents 
in mines,* show that at the collieries of Ghreat Britain during 
last year there were seventy-one shaft accidents, which resulted in 
the loss of ninety-scTten lives — a figure considerably in excess of 
the average of the last twenty-five years, and one which has only 
been exceeded three times, and equalled twice, during that x)eriod. 
These records do not take into account those occurrences — serious 
enough in themselves — ^which fortunately were not attended by 
personal injury or loss of life. 

That the subject of shaft accidents and safety in winding has 
attracted the attention and engaged the interest of the mining 
community at home and abroad, is evinced by the evidence sub- 
mitted to the Royal Commission on Safety in Mines, now engaged 
upon its deliberations, as well as by the Report, published at 
Pretoria in 1907, of the Transvaal Commission, which was 
appointed to enquire into the use of winding-ropes, safety-catches, 
and appliances in mine-shafts. t 

The writer therefore feels that no apology is needed for 
bringing the subject before the Society, and he does so in the hope 
that its consideration may be productive of valuable discussion, 
and possibly beneficial results. 

When the Rope Breaks. — At the outset, attention may be 
directed to a somewhat common but mistaken impression that 
many winding accidents are due to the breaking of the rope. The 
prevalence of this idea may to some extent be gauged by reference 

• MineJi and Quarrie/t: OenercU Report and Statistics, 1907 (advance proof,. 
subject to correction), page 4. 

t Report of a Commission appointed by His Excellenq/ the Lieuienant-Oovemor 
[of the Traiufinal] to enquire into and report upon the Use of Winding-ropes^. 
Safety -catches and Appliances in Min^-shafls, 1907, with Minntea of Evidence. 
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to the records of new patents, published in the technical press, 
from which it is abundantly levident that the habitual inventor 
invariably includes in his repertoire a ** Safety-device for Mine- 
cages, Hoists, and the Like/' a fearful and wonderful contriv- 
ance to accomplish all manner of marvellous things '* when the 
rope breaks." 

The writer has observed close upon a hundred of these appli- 
ances, but quite the most weird is one referred to in the following 
extract from a patent specification, published some little time 
back in one of the mining newspapers : — 

9013(1906).— *'Safety.applianoes for Miners Descending into or Leaving the 
Shaft. — This invention refers to a safety -appliance to be used with ascent and 
descent cages for mine-shafts, of the kind wherein the cage is attached to a rope 
which is coiled and uncoiled on a drum by the winding-engine. On a supplemental 
drum, which in certain circumstances may be connected with the main drum for 
the cage-rope, a separate safety-rope is provided, which the miner fastens around 
his body. This rope is uncoiled to exactly the same length as the cage-rope. If 
the latter should break, the miner who has the safety rope attached to his body 
will be suspended, and can be let down or drawn up as desired. " 

The Transvaal Commission investigated between eighty and 
ninety " safety-"appliances of one sort or another, of which 
seventy-two were of the " when-the-rope-breaks " type. Of these 
latter, out of seventy-two, only two were reported upon with any- 
thing like definite approval ; and even these, on careful examina- 
tion, are not likely to commend themselves to practical men, nor 
are the views of the Commission with regard thereto very con- 
vincing. 

The fact of the matter is that the breaking of a colliery 
winding-rope, whenever it does occur, is morie likely to be the 
result than the cause of an accident. The writer has been unable 
to discover a single instance in which the breaking of a winding- 
rope, in the ordinary course of working, was positively shown to 
be, primarily, the cause of an accident— except in those cases 
where it was only too cLear that the rope had been neglected or 
wrongfully treated. 

It will no doubt be readily agreed that a rope cannot and 
will not break without a cause, and that if it is made of the best 
material, properly proportioned to the load which it has to carry, 
and fairly treated, it will not break, unless it be subjected to a 
strain exceeding its tensile strength. It is only too obvious, for 
example, that a rope having a tensile strength of 100 tons, must 
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have at least that amount of strain put upon it before it will 
break, unless it has been seriously weakened by improper use. 
It is equally obvious, too, that if such a rope does actually break, 
-either the normal conditions of working must have been very 
greatly exceeded, or the rope must have been neglected or sub- 
jected to improper treatment. 

The most effective course to pursue in order to prevent ropes 
from breaking is that which will prevent the normal conditions of 
working from being seriously exceeded, at the same time giving 
to the rope that constant and careful attention which its import- 
ance demands. The adoption of a so-called ** safety-cage " is not 
the remedy. Safety-cages do not prevent serious strains upon the 
rope, neither do they ensure against neglect; but on this point 
more will be said hereafter. 

It appears probable that many occurrences described as acci- 
dents are, strictly speaking, not so. An accident is an occurrence 
of an entirely unforeseen character, usually the result of a com- 
bination of unexpected circumstances which it was beyond human 
power to anticipate and provide against. Any occurrence which 
might have been prevented, either by the exercise of treasonable 
foresight or precaution, or the possession of reasonable know- 
ledge and skill, cannot, the writer ventures to suggest, truly be 
regarded as an accident. 

It is, of course, quite possible that some of those seventy-one 
occurrences recorded as shaft accidents were of this description, 
and might perhaps have been obviated by the exercise of greater 
care on the part of someone, or even a slight knowledge of the 
laws of motion, the elementary principles of which should be 
understood by all those having charge or control of machinery 
in motion, especially colliery machin»ery. The fact that so many 
accidents in which, amongst other things, the rope breaks, are 
regarded as accidents caused by the rope breaking, is, to the 
writer's mind, convincing tbat the neal or primary cause of the 
accident is often overlooked. 

Of course, shaft accidents include other occurrences than 
those associated with the breaking of a rope ; but the scope of the 
present paper is limited to the matters referred to in the title, 
the writer's desine being to consider the causes which may lead, 
or tend to lead, to the breaking of winding-ropes, and the precau- 
tions to be taken to prevent such occurrences. 
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The Factor of Safety in Colliery Winding -ropes. — In good 
British colliery practice it has becomje almost universal to allow 
a factor of safety of 10 for colliery winding-ropes. The Trans- 
vaal Commission considered this question, and appears to have 
come to the conclusion that a factor of safety of 6 was a suffi- 
ciently liberal allowance.* The Transvaal Commission may be 
right in its conclusion, at least so far as conditions in South 
Africa are concerned ; but the writer would be sorry to think 
that a similar conclusion would be accepted in this country, 
or that the more liberal figure of 10 were to be reduced. Indeed, 
it would not be amiss, since legislation is likely to result from 
the Royal Commission's deliberations, if the factor of safety in 
colliery winding-ropes were to be defined by law, just as the 
strengths of boiler-plates and other materials are regulated by 
the Board of Trade. In speaking of the factor of safety of 10, 
it should be clearly understood that the intention is to provide, 
at the outset, a rope which shall have a strength of not less than 
ten times the gross load to be raised, this gross load being made 
up of the weight of the cage, the tubs with their full weight of 
coal, and the weight of the rope itself. 

The steel wire used in the manufacture of the best qualities of 
winding-ropes has usually a breakincr strength of from 100 to 120 
tons per square inch of sectional are«a. The writer offers for what 
it is worth a simple rule, by which the weight in pounds per yard, 
and the size of a winding-rope suited for a given load and depth 
of shaft, can be calculated with fairly accurate results. It must, 
however, be understood to refer only to round wire ropes of the 
u.sual construction, made of high-grade wire having a tensile 
strength of about 120 tons per square inch. It is based upon the 
fact that in round numbers the weight of 20,000 yards of such a 
rope, of any size, is practically equal to its breaking strength, and 
that the weight of 2,000 yards therefore represents its safe working- 
load. The rule is as follows : — Take the maximum suspended load 
in pounds (that is, the total weight of the loaded cage) and divide 
by the difference between 2,000 and the depth of the shaft in 
yards. Thus, take a load of 8 tons, and a shaft 600 yards deep ; 

8x2,240 17,920 -^^ 

5:0D0:::600= 1,400 = '^^^ ^^' P^^^^' P^^ y^^^- 

* Report of a Commi/mon appointed hy HU Excellency the Lifnte.navf-Goi^emor 
\ofthe TraTunnoT] to enquire into and report upon the U^e of Win ding -ropes, Sla/ety- 
CcUches and Appliances in Mine-sha/is, 1907, with Minutes of Evidence, page xxx, 
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The nearest rope to this, in the list of a wellknown manufac- 
turer, under the head of " improved plough-steel " is one weigh- 
ing 25 pounds per fathom, of which the breaking strength is 
stated to be 119 tons; the working-load will therefore be 11'9 
tons. 

Six hundred yards, at 25 pounds per fathom, amounts to 3'35 
tons, giving a gross load of 11*35 tons, showing that the rule in 
this case gives a cornect result. The square root of the weight in 
pounds per fathom is equ^l to the circumference of the rope in 
inches. 

Certificates of Test. — ^AVhen a new rope is purchased, the 
maker should be required to furnish a certificate of test, which 
should include both the wire used and a sample-length of the 
finished rope. The tests should be of as comprehensive a char- 
acter as possible, embracing tensile, torsional, bending, and 
fatigue tests ; and all the details should be fully set forth on the 
certificate. 

The demand for so-called cheap ropes — that is to say, ropes 
which can be bought at a low figure per ton, but in prac- 
tice prove really to be costly on account of their comparatively 
short life — has led to the manufacture of ropes that can be pur- 
chased at a price which, if the purchaser would only reflect for a 
moment, is very little higher than the cost of best-quality steel 
bar, and therefore leaves nothing for the various processes inter- 
vening between the raw material and the finished rope. 

It is surely patent to the most casual observer that, if a 
wire rope is to be manufactured from the best material, and by 
the most approved processes, the cost and the value of the 
finished rope must be considerably in excess of the value of the 
steel in the earlier pnicesses through which it has to pass. 
Nevertheless, the writer has been assured by a rope-maker of 
high repute that he is actu*^lly able to sell a certain quality of 
steel (from which wire is made) in the form of octagonal bars 
or tool-steel at a price not less than that which is asked for 
certain makes of steel-wire ropes, and reference to the quota- 
tions of the metal market will confirm this. When one remem- 
bers that the actual cost of making a rope, after the wire-draw- 
ing stage is completed, is the same no matter whether wire of 
good or of inferior quality is employcil, we realize the true 
significance of this comparison, and wonder what kind of 
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material the cheap rope is made of, and by what processes it has 
been converted into wire. 

All the operations which tend to make good material into 
good wire are operations which add to the cost, and if the pur- 
chaser insists upon a low cost, that is, a so-called " cheap '' rope, 
he cannot in reason expect that he is getting the advantage 
either of good material, or of the best processes of manufacture. 
For example, the best steel for the manufacture of high-grade 
wire is made from Swedish iron, and. one has only to look at the 
current market prices to see how this variety compares with 
others in point of cost. The subsequent processes may or may 
not include forging under the steam-hammer. If the hammer 
is dispensed with, an element of cost is eliminated, whilst a 
degree of quality is sacrificed. Cogging, rolling into rods, 
annealing, and cleansing precede the all-important process of 
wire-drawing, that extraordinary yet apparently simple pro- 
cess by which a steel rod is forcibly drawn through a hole 
smaller than itself, resulting in a rod or wire of reduced sectional 
area, but of greatly increased strength. 

It is at this stage that expense may again be avoided by 
sacrificing quality in the finished article. A rod of given 
section may be drawn down to a wire of the desired tensile 
strength either by several gradual steps, or in a smaller number 
of steps with a greater proportionate reduction of sectional area 
at each stage. The resulting wire may have the same tensile 
strength, it may give the same torsional and bending tests, and 
it will obviously be cheaper to produce; but its life, under 
ordinary working-conditions, will be shorter, and it will do less 
work before broken wires begin to appear in the rope into 
which it has been made, the consequence being that the rope has 
to be discarded. 

One of the first principles, and one of the most important 
essentials in connection with the efficient, economical, and safe 
working of winding-ropes, is this question of quality. It is im- 
portant that purchasers and users should recognize what would 
seem to be a sufficiently obvious and self-evident fact, namely, 
that ropes of high quality cannot be purchased at an absurdly 
low figure. And further that there will always be found,- in con- 
nection with all trades, makers who will undertake to find some- 
thing sufficiently inferior to exchange for the price offered, no 
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matter how low. Indeed, this unfortunate tendency to insist on 
extreme cheapness in first cost, which never yet resulted in real 
economy, has had, and is having, a most deplorable effect upon 
manufacturing trades generally, and certain branches of the 
engineering industry in particular. It is not suggested that pur- 
chasers should pay fancy or exorbitant prices for what they re- 
quire, but a little consideration will generally serve to show 
whether the price at which goods are offered can possibly permit 
of the use of the best materials and the most approved processes 
of manufacture. 

As already pointed out, a rope may be manufactured from 
wire which has cost much less to manufacture than another 
wire, and yet the two samples of wire will satisfy the same tests 
as to tensile strength, torsion, and bending, but not fatigue 
Formerly the only test for fatigue was that imposed by the 
ordinary conditions of working, and it is too late to discover, when 
the rope is done, that its capacity for work was not what was 
desired. Messrs. J. A. Yaughan and TT. Martin Epton, however, 
have invented an appliance — illustrated in the Beport of the 
Transvaal Commission* — which enables the fatigue-test to be 
applied. Briefly, the object of this machine is to enable a wire 
to be put under a load, say one-fourth of its tensile strength, and 
worked continuously round pulleys, bending in opposite direc- 
tions, until fracture takes place. The pulleys, it must be re- 
marked, are not small relatively to the diameter of the wire, but 
of ample diameter, so that the cause of final fracture is actually 
fatigue due to workinur stresses, and quite distinct from the 
ordinary bending test in which a wire is bent backwards and for- 
wards with a sharp bend of small radius. 

The application of this, or a similar test effected in an equally 
satisfactory manner by some other form of appliance, would 
seem to be the only way to ensure a proper standard of qualitv. 
and if a Government test were to be established, it ought 
certainly to embrace tensile, torsional, bending, and fatigue-tests. 

The Care of Roprs in Use. — To ensure satisfactory and 
economical results, a reasonable working life, and to avoid acci- 
dents, the rope in use must be properly cared for, not only as 

• Bfjforto/a Commit^ion npfyoinifd ^v f^i* ErrffUnt^y the Lifu/enant -Governor 
[of the Trnntmnri to enquire into and Rf^wrt ujxtn the Cm€ of Winding-rope^^ 
Sa/ety-catches aiul Appliances in Minesha/tH^ 1907, winexure Xo. 6, p«^ Ixxxij. 
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regards the strains to which it is subjected in working, but also 
with a view to avoiding excessive or rapid wear, internal abrasion 
and corrosion, matters of paramount importance which are only 
too frequently neglected. Assuming the rope to be made of suit- 
able material, it will stand a considerable amount of bending and 
unbending on the drum and over the pulley, provided that the 
diameter is not too small in comparison with that of the rope. 
Nothing tends to shorten the life of a rope so much as bending 
and unbending on drums and pulleys which are too small. As a 
rule, however, this fault is more usually met with in haulage- 
drums and pulleys than in winding arrangements. The drums 
of winding-engines and the headgear-pulleys are generally more 
than 100 times the diameter -of the rope, which, according to 
many rope-experts, is the minimum siae of pulleys for six- 
stranded seven-wire ropes. 

At the same time, so far as the headgear-pulleys are con- 
cerned, one must avoid the opposite extreme, and, if the pulleys 
exceed 18 feet in diameter, they become unnecessarily heavy, and 
lead to trouble and excessive local wear, in consiequence of their 
inertia and momentum. 

There can be little doubt that side-friction, caused by the rope 
rubbing against the cheeks of the headgear-pulley and against the 
coils of rope already on the drum, is responsible for a good deal 
of wear tending to shorten the life of the rope. The acuteness 
of the angle contained between the rope hanging in the shaft and 
the line of rope from the drum to the pulley (that is, the angle 
in the vertical plane), does not in itself seriously affect the ques- 
tion — provided that the pulleys are of the proper size ; but the 
lateral angle (that is, the angle contained between the line of the 
rope from pulley to drum, when the cage is at the surface, and the 
line of rope from pulley to drum when the cage is at the bottom 
of the shaft) has undoubtedly an important bearing on the sub- 
ject. And inasmuch as an acute vertical angle is generally caused 
by the drum being too near (measured horizontally) the pulleys, 
the acute vertical angle is often erroneously regarded as the cause 
of the mischief, whereas it is really the lateral angle caused by 
the amount of lateral travel on the drum. This will, of course, 
be greater for deep shafts than for shallow ones, and greater on 
small drums than on large drums. To avoid excessive side-fric- 
tion, therefore, the relative position of the drum and pulleys 
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must be carefully proportioned, and the size of the drum must 
hear some relation to the depth of the shaft. 

The greatest care must be taken, too, that the rope does not 
rub, or even occasionally knock, against anything in working. 
One frequently sees, on the sides, top, and bottom of the opening 
in the engine-house wall, through which the ropes pass, clear and 
abundant proof that they do at times rub against these surfaces, 
and such rubbing is not calculated to do them any good or pro- 
long their life. Indeed, in collecting information for this paper, 
the writer has been surprised at the many different ways — simple 
and trifling enough in themselves — in which good winding-ropes 
are injured, even at collieries where there is an evident desire 
to do things properly and well. Doubtless it is the fact that 
these details are simple, and apparently trivial, which leads to 
their existence and their effect being overlooked. Bolt^heads in 
the drum protruding above the surface of the lagging, in conse- 
quence of wear, have been the cause of broken ropes. 

Corrosion and internal abrasion generally go together, and 
are due to the neglect of proper cleaning and lubrication of the 
rope. The writer makes use of the word ** lubrication " as quite 
distinct from ** greasing." In the ordinary course of working, 
the wires in a rope move slightly and rub against each other, and 
efficient lubrication is therefore just as necessary as it is in the 
case of the moving-parts of a machine. To be effective, the 
treatment, however, must be that of lubrication and not mere 
greasing. The rope must be properly cleaned from time to time, 
and a suitable lubricant used. 

By *' greasing '* the writer refers to that practice sometimes 
observed in which the rope is periodically plastered over with 
some vile and til thy compound which attracts both dust and 
moisture, and ultimately does more harm than good. In shafts 
where there is great liability to corrosion in consequence of bad 
water, good results appear to have been obtained by the use of 
galvanized ropes, but even if these are used, the lubrication must 
be attended to with the same strict care. Galvanizing appears 
to have the effect of very slightly reducing the strength of the 
rope, but tends to prolong its life in places where the water is of 
a particularly corrosive character. The use of copper wire in 
cappings is to be avoided as being a possible cause of corrosion, 
due to electrolytic action. 
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The Life of Colliery Winding-ropes, — In good practice a 
winding-rope is not retained after it has begun to show outward 
and visible signs that its working-life is approaching completion. 
It is not easy to find a means of satisfactorily expressing or com- 
paring the life of a colliery winding-rope. To measure its life 
merely in terms of months or years is obviously unsatisfactory. 
One rope may do more work in a few months than another one 
in as many years. Neither is it altogether satisfactory to ex- 
press the life or work of the rope in tons of coal raised, although 
this is, of course, the usual way of arriving at its cost for pur- 
poses of comparison with other ropes. For example, we may be 
told that two ropes have respectively raised one million tons, 
and half-a-million tons. At first sight the former would be con- 
sidered as having done twice as much work as the latter. If, 
however, we are further told that the former raised its million 
tons from a depth of 600 feet, whilst the latter worked in a shaft 
2,400 feet deep, it will be apparent that really the rope which 
has raised 500,000 tons through a distance of 2,400 feet has done 
twice as much work, in foot-pounds or foot-tons, as the one which 
has raised 1,000,000 tons through a distance of 600 feet. 

But even a record of tons of coal, or other materials raised, 
and the depth of the shaft, does not furnish a complete statement 
of what the rope may have accomplished. The average si)eed ol 
winding has an important bearing on the question, whilst the 
weight of coal raised does not take into account what may pos- 
sibly amount to a far greater total weight lifted during the life 
of the roi)e, namely, the weight of the cage and tubs and the 
weight of the rope itself. It is quite certain that in the 
generality of cases the work done by a winding-rope is three 
times as much as that represented by the coal raised. Hegarded 
in this way, the work which is safely and satisfactorily accom- 
plished at a very large number of British collieries by high-class 
winding-ropes, runs into astonishing figures. A rope which 
raises 500,000 tons from a depth of 1,600 feet runs up a total 
of 800 millions of foot-tons in coal raised; and, taking into 
account what is done in raising its own weight and the weight 
of the cage and tubs, a total of certainly not less than 2,500 
million foot-tons. 

There is, therefore, no reason for lack of confidence in steel- 
wire winding-ropes. It is possible to procure ropes which can be 
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absolutely relied upon to do, without fear of breaking, what 
they are required to do, and breakage will only result either from 
serious neglect or from strains so greatly in excess of working- 
conditions that something must go, and if the rope does not, 
something else will. 

Rojpe-cajpjnngs and AttachmefU to the Drum, — Ample strength 
in the rope itself is, of course, of no avail if its attachment to the 
drum on the one hand, or to the cage on the other, is not propor- 
tionately strong. The former attachment to the drum is com- 
paratively easily provided for, by taking advantage of what is 
known as coil-friction. It is usual to purchase a rope of con- 
siderably greater length than is represented by the distance from 
the drum to the bottom of the shaft, so that when tbe cage is at 
the bottom there are still tbree or four complete coils left on the 
drum. These extra coils not only provide spare rope to make 
up for the pieces which should be cut oil' at each re-capping,- but 
tbey also serve to secure the rope to the drum. 

In the light of the experiments recently reported and com- 
mented upon ^ by Mr. John Gerrard, H.M. Inspector of Mines, 
with regard to rope-cappings, demonstrating that the form of 
capping which was perhaps most popular, and generally con- 
sidered to be the best, really possessed a strength of from only 
50 to 60 per cent, of the strength of the rope,* there is some- 
thing very like irony in the situation. There can be little doubt 
that until Mr. F. L. Ward, of Bradford colliery, Manchester, 
and Mr. Gerrard investigated the matter, most of us were fondly 
deluding ourselves with the appearance of strength possessed by 
a form of capping in very general use. To be perfectly frank, 
most of us were in ignorance as to the true state of aJSairs ; and it 
is equally certain, Irom the elaborate provision that one often sees 
for securing thie rope to the drum, that the peculiar property 
of coil-friction is not generally recognized. Everyone has ob- 
served the apparent ease with which a sailor is able to check the 
movement of a large vessel, by simply giving the rope two or 
three turns round a post or '* bollard." Foui- turns round a post, 
assuming a co-emcient of friction of 0*4, would enable a man 

• Trans. Inst, M, E., 1905, vol. xxix., page 177 ; and Reports of John 
Gerrard f H.M, InsjHiCtor of Minta for the Mancfiesttr and Ireland District {No. 6), 
to HtJi Mujtsty^s JSecrttary of State for the Jionie Department^ under the Coai-tnints 
HetjiUalioH Acts, 1SS7 to 1896, the Metailiferous-mints litgnlalion Acts, 187iS attd 
1875, ana the (Quarries Act, 189 J^, for the Year 1906, pages 17 and 18. 
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exerting a force of 20 pounds to resist a pull of something' like 
200 tons, that, is, if the rope were capable of sustaining such a 
strain. 

The co-efficient of friction between a greased wire-rope and a 
wood-lagged drum will probably be about 035, which means that 
one coil on the drum would enable a pull of 1 pound to resist a 
strain of 9 pounds, two coils 9x9, three coils 9x9x9 and four 
coils 9x9x9x9, or 6,561 pounds. With four coils on the 
drum, therefore, and the end passing through the lagging secured 
with a force of, say, 50 pounds, the rope is securely held, even if 
the load amount to as much as 140 tons. 

One frequently hnds that the rope-end which is passed 
through the drum-lagging is given two or three turns round the 
drum-shaft, in which case the security is increased to an enor- 
mous extent, and there is not the slightest necessity for the two 
or three strong clams which generally complete the arrangement. 
Yet at the other end of the rope we have been satisfied with an 
attachment only giving half the strength of the rope. 

The experiments already referred to demonstrate, however, 
that too much care cannot be exercised in the selection, design, 
and application of rope-cappings. The forged steel conical 
socket, in which the prepared end of the rope is secured by means 
of white metal, when properly and carefully made, possesses a 
greater strength than the rope to which it is fitted. It must, 
however, be properly made, and the writer cannot do better than 
refer the members to Mr. John Gerrard's Report for 1906 for 
instructions on the most important points.* 

Another excellent type of capping, which the writer believes 
to possess the necessary qualification of gripping-strength greater 
than the strength of the rope, is the Becker capping, which has 
the important advantage that it can be taken to pieces at any 
time and the rope inspected right up to its actual extremity. 

Re-capping Winding-ropes. — -The importance of re-capping 

the winding-rope, at regular intervals, cannot be too strongly 

urged ; and the reasons for so doing are not difficult to recognize. 

First, there is the fact that the wires immediately above the 

• Reports of John Gerrard^ H.M, Inspector of Minta for the Mancheattr and 
Ireland District {No, 6), to His Majesty^ s Htcrttary of State for the Hoint Depart- 
mentf under the Coal-mints Mtguiation Acts, 1SS7 to ISiftS, the Metalliferous-mines 
Regulation Acts, 187 i^ and 1873, and the Quarries Act, I8U43 for the Year 1906, 
pages 17 aud 18. 
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capping, at the point where the rope loses its flexibility as it 
enters the socket of the capping, are subjected to a certain 
amount of bending of a different character from that which other 
parts of the rope are called upon to bear. It would also appear 
that the strains set up in the rope towards the capping, in ordin- 
ary working, are of a more trj-ing character than those in other 
parts of the rope. 

In recapping the rope, which should be done three or four 
times a year, a suitable length of rope should be cut off with the 
old capping, a length not less than one-half of the circumference 
of the headgear-pulleys. There are certain points in the cycle 
of operations in winding which result in greater wear in the 
corresponding places on the rope than in other parts. For 
example, that portion of the rope which is in contact with the 
headgear-pulley when the cage is at the top and the bottom of 
the shaft respectively. The starting of the wind, and the manip- 
ulation of the engine to facilitate the loading and unloading 
of the various decks, induces greater frictional wear at these 
points. Another point where wear takes place, especially in 
quick-winding, corresponds with the point where the speed of the 
engine is checked, the point where the brake is applied to the 
drum, and the rope in turn acts as a brake to check the revolu- 
tion of the headgear-pulley. 

For these and other reasons it will be seen that only by cut- 
ting off a proper length of rope at each re-capping can the exces- 
sive wear at tbese points be prevented from becoming too local. 
The piece cut off should be carefully examined and tested, all 
the tests previously enumerated being employed, and tbe results 
compared with the original certificate. 

E.rctssiv€ Strains in Winding. — It will be evident, from what 
has already been said, that the breaking of a colliery winding- 
rope may be due, either to excessive local wear and corrosion, or 
to excessive strains set up during winding operations. It is 
to cover the latter that the lil>eral factor of safety already al- 
luded to is provideil, and it must not be supposed that tliis 
liberal factt»r of >aloty is eNiabli>hed so as to enable less care to be 
taken of the n«pe, or for the sake of avoiding a little extra 
trouble. 

We have now, thi'i»ft^rc. to coiisider the various causes, and 
probiible extent auJ etUct, ui the exctssive strains which may be 
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set up in the rope in the regular course of working. Some of 
these strains are unavoidable, as, for instance, the extra strain 
in starting when the inertia of the loaded cage at the bottom 
of the shaft has to be overcome, as well as the extra strain 
during the whole period of acceleration. This may amount, and 
probably does in some cases, to very nearly double the weight of 
the suspended load. The strain at starting depends very largely 
upon the care and skill of the engineman; a sudden "snatching" 
sort of start imposes very great strains, the extent of which it 
is scarcely possible to calculate, but which may dangerously 
approach the limit of strength of the rope. 

(a) Acceleration, — The strain due to acceleration, that is, uni- 
form acceleration, is as nearly as possible 70 pounds per ton for 
each foot per second in the rate of acceleration. Thus, supposing 
the gross load to be 10 tons and the rate of acceleration attained 
at one moment or another to be 25 feet per second, the extra 
strain would be 10x70x25 = 17,500 pounds or nearly 8 tons, 
making for that particular moment the total strain 18 tons 
instead of 10. 

(6) Retardation, — Another unavoidable extra strain is that 
which is occasioned when retarding the movement of the 
engine by the application of the brake. In this case 
the descending rope is subjected to a strain greater than 
that due to the actual suspended load; but here, again, 
if the engine is properly controlled and the brake is properly 
applied, the extra strain is amply covered by the factor 
of safety. There are, however, cases on record where the sudden 
application of a powerful brake has most probably been the 
cause of a serious accident. When one enquires into this matter 
closely, the result is at first sight somewhat startling and unex- 
pected, although a little consideration will serve to show that it 
is the only result that really could be expected. Briefly it is 
this, that in the case of the sudden application of a powerful 
brake, whilst the engine is travelling at a fairly high speed, 
it is the rope attached to the ascending cage, and not that which 
is descending, which runs the greater risk of being broken. 

A simple example will suffice to make this clear. Suppose 
we have a shaft where the ascending cage weighs 10 tons and the 
descending cage weighs G tons, and that the maximum speed is 
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80 feet per second. The ascending* csige, at this velocity (neg- 
lecting friction), would continue to ascend for exactly 100 feet 
if the raising force were suddenly discontinued; that is to say, 
if such a thing were possible as the application of a brake which 
would stop the drum dead, the ascending cage would continue 
to ascend for a further distance of 100 feet before it came to 
rest, after which it would, of course, fall back. 

The writer finds it necessary to say, at this point, that he does 
not suggest that it would actually be possible to stop the drum 
dead, or even in one revolution of the drum. A letter in one 
of the mining periodicals, criticizing a former paper on a some- 
what similar subject, made it evident that the present writer's 
meaning had not been understood, liis desire is to show that 
to stop a drum running at a high speed in a very short distance 
is not only impossible, but that to attempt to do it means 
destruction. 

Coming back, then, to the example, let us suppose that the 
drum is brought to rest in a distance of, say, 90 feet, that is, 90 
feet travel of the descending cage. The extra strain on the des- 
cending rope would — if the retarding force were uniform during 
the whole period — amount to rather more than double the actual 
weight of the suspended load, and this would doubtless be amply 
covered by the factor of safety. 

The effect on the ascending rope, however, would be quite 
different : the strain would take the form of a sudden jerk, of 
sufficient force to break the rope. The ascending cage, it will 
be remembei-ed, would, by virtue of its kinetic energy, continue 
to ascend for a total distance of 100 feet after the first applica- 
tion of the brake, so that it would finally be free to fall back 
through a di2>tanee of 10 iovt, at the end of which it would have 
stored up kinetic energy equal to 100 foot-tons, which in all 
probability the rope would be incapable of resisting. It will 
thus be evident that whilst a powerful brake is a necessary and 
desirable detail in the ei|uipmeut of a winding-engine, its use 
must be regulated with an inielligt^nt knowledge of the laws 
of motion, momentum, and inertia. 

The following figures ^taking the acceleration due to gravity 
as 32) show the minimum theoretically safe distance in which 
the cages niay be stt>j>peiK if the retarding force is perfectly 
uuiiurm : — 
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In actual practice, it is not possible to exert a retarding force 
so perfectly uniform that we can reduce the speed of the drum 
and the cages at a perfectly uniform rate off 32 feet per second, 
which would be necessary in order to bring the cages safely to 
rest in the distances named above. It is therefore necessary to 
spread the retarding force of the brake over a much longer 
distance, and devote a larger portion of the space of time occu- 
pied in each run, to the slowing down and stopping, than is 
represented in the above figures. 

The Use of Cage-supports or Keps. — A good deal of differ- 
ence of opinion exists as to the use of cage-keps. Personally, 
the writer does not like them, if for no other reason than that 
they tend to shorten the life of the rope, and occasion great and 
jerky strains. With the cage resting on the keps, and 6 or 12 
inches of slack rope or chain, it will bo seen that quite a sudden 
and serious jerk can be given to the rope in snatching the cage 
from the supports. The writer has noticed that, where keps are 
regularly used, there is always a great deal more banging and 
bumping -about of the cages than where they are not used. 

Tests carried out under working conditions have shown that 
with less than 1 foot of slack chain the strain on the rope in picking 
up may be not far short of three times the actual load. A more 
doubtful arrangement is the mechanical kep, of which there are 
several types in use, by means of which the banksman can re- 
move the keps from under the cage without troubling the engine- 
man to raise it. By this appliance the banksman can let the 
cage actually drop on to the slack rope. The use of these appli- 
ances should, the writer considers, be prohibited, unless special 
arrangements are made for accurately adjusting the length of 
the rope, and extreme caution observed in avoiding slack rope 
when the keps are released. 

Jerhy Winding. — »Terky winding, with consequent sudden 
yariation of strain on the rope, is either due to unskilful manip- 
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ulation, to a wrongly-proportioned engine, or to unsuitable con- 
trolling-appliances on the engine. That there are different 
degrees of skill amongst enginemen will be readily admitted. 
We have all experienced the difference in riding a cage when 
one or other of two enginemen has control. One man will pro- 
duce a smooth and almost imperceptible gliding motion, whilst 
another, in charge of the same engines, will jerk the cage about 
until one has to grip the hand-rail with both hands to avoid being 
pitched out. But even a skilful engineman cannot avoid jerky 
action, if the engine is wrongly proportioned. If it is not so 
proportioned that either cylinder can start the load, with a 
reasonable rate of acceleration, there is a temptation to start 
with a run or jerk, so as to get over the dead centre. 

Thie control of the engine should be such as to entail the least 
possible amount of phj'sical exertion on the part of the engine- 
man. His duties are such that, if he is to carry them out effectu- 
ally, he must be free from constant demand upon his physical 
energy to operate and control the engine, so that his mental 
faculties may be properly concentrated upon his work. To this 
end the engine should have an easily-operated steam valve, quick 
to open and close; a steam-actuated reversing-gear, of which 
there are several excellent types in use; and a powerful brake, 
which, whilst capable of holding the engines under the most 
unfavourable circumstances, also permits of its being applied 
gradually so as to avoid the effects previously discussed. 

If these appliances are unwieldy and heavy, and if the engine- 
man has to struggle with them to control the engine, there is a 
risk of physical fatigue interfering with mental alertness, and 
serious accidents may be the result. Personally, the writer has 
nothing but praise for the colliery winding-engineman as a class. 
On the whole, they are men of exceptional abilitv in their par- 
ticular work, and one has only to reflect upon the nature of that 
work, at the average modem colliery, to recognize the fact. 

The colliery engineman may have charge of a pair of engines 
capable, it may be, of developing more than 2,000 horsepower. 
He has to set in motion by means of these engines perhaps a total 
weight of 100 tons; not merely to set in motion, but to impart a 
velocity of GO miles an hour in a few seconds, and in less than a 
minute to bring the whole moving mass once more to rest, with 
the cages adjusted to practically within an inch of the same spot 
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every time. These operations he may have to repeat three or four 
hundred times a day, and the man who can do this, day after 
day, week after week, year in year out for many years, without 
ever making a mistake or committing an error of judgment, is, 
indeed, possessed of skill and ability of more than average charac- 
ter. As a matter of fact, it is too much to expect that an engineman 
will never make a mistake ; and it should therefore be made incum- 
bent upon colliery-owners to provide their engines with such con- 
trolling appliances as will relieve the engineman of undue physical 
exertion, and also to apply an automatic controlling-device which 
will positively prevent overwinding, running away, or starting 
in the wrong direction. 

Controllin{i Devices for Winding-engines. — At a number of 
Lancashire collieries, for some years now, an appliance has been . 
in use which goes a long way in this direction. The ** Visor " is 
too well known to call for a description of its working; suffice 
it to say that the Visor makes running-away well nigh impos- 
sible, and absolutely prevents a quick overwind. In other words, 
it ensures that the speed of the engines, when approaching the 
end of the wind, shall be so far reduced that the question of final 
stopping is one of no difficulty. 

A later appliance, and one which presents several interesting 
features, is the "Whitmore controller, which is used in conjunc- 
tion with the Whitmore steam-brake. In the Whitmore con- 
troller there are two long vertical screws, one having a right- 
hand and the other a left-hand thread. There is also a fly-ball 
governor which, as well as the two screws, receives motion from 
the engine. On each screw there are two nuts with projecting 
wings, and these nuts or cursors, separated by a few inches, 
travel up or down the screw as the engine works. The position 
of the nuts or cursors may, as a matter of fact, be regarded as 
indicating the position of the cages in the wind. The upper 
cursor in each e^se is to prevent overwinding even slowly, or 
starting in the wrong direction,. and the lower cursor is to prevent 
the engine exceeding a certain predetermined speed at any point 
in the wind after the maximum speed has been attained. It 
not only limits the maximum speed, but it checks the proper and 
gradual reduction of speed as the engine approaches the end of 
its run. 
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The brake is of ingenious and yet simple construction, and 
is actuated by steam ; the steam, however, is not the force which 
applies the brake, this being done by weights. The steam assists 
in putting on the brake, but it has to raise the weights in taking 
the brake ofiF. The great advantage of this brake appears to be 
that the retarding force may be regulated to any degree between 
full on and full ofE, that the amount of retarding force is always 
the same for a corresponding position of the brake-handle, and 
that it may be very gradually increased until the full braking 
effect is produced, or, if need be, it can be applied quickly. 

In conjunction with the Whitmore controller, its especial 
advantage is, that in the event of the controller coming into 
action to check the engine when running away, the brake is not 
applied too suddenly so as to produce the result that has been 
• already indicated, but gradually, until the full retarding force is 
developed and the cages are brought to rest within a safe distance. 
An appliance of this kind is calculated to prevent an accident, 
not to come into operation afterwards with doubtful results. It 
does not and cannot interfere with regular and ordinary working, 
nor come into action when it should not. 

Disengaging-hooJcs. — ^The use of disengagiug-hooks has become 
very general, but it will doubtless be admitted that their sphere 
of usefulness is very limited. A detaching hook of the most 
perfect type affords no protection to the descending cage, whilst 
the protection that it affords to the ascending cage is limited to 
comparatively slow overwinds — since in the case of a quick over- 
wind the cage crashes into the framing which carries the detach- 
ing-hook bell or cylinder, and smashes it up, so that it is no longer 
able to play its part. The writer is not saying a word against 
detaching-hooks, so long as they are properly applied and regu- 
larj' taken apart for cleaning and lubrication, and the D-links 
properly re-:mnealed every time when the cage-chains are re-an- 
nealed, which should be at regular intervals, say when re-capping 
the rope. "Whatever type of detaching-hook is employed, second- 
ary catches should be fixed in the headgear to hold the cage, in the 
event of the bell or framework being damaged by the ascending 
cage. 

Safe(j/-ca{7€s. — ^In conclusion, the writer would venture the 
opinion that the safety-cage, as it is called, is the wrong direc- 
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tion in which to approach the subject of safety in windings. It 
has too much the appearance of condoning carelessness or neglect 
in other directions, and it is perfectly certain that in nearly all 
cases where safety-cages could possibly be of service (even if there 
were any which were reliable), the accident would be due to 
neglect or carelessness. At the same time, the writer would not 
express this view so strongly, if it could be shown that such an 
appliance existed which could really stop the cage gradually and 
carefully. So fax, there are none which can be relied upon to 
do so. 

Briefly, safety -cages may be classed under two heads : — First, 
those in which the inventors have entirely lost sight of the fact 
that kinetic energy has to be reckoned with, and that it is just as 
serious to attempt to stop a cage suddenly as it is to break the rope 
to which that cage is attached; secondly, there are those, very 
few in number, in which the inventor appears to have recognized 
that an attempt must be made to bring the cage to rest gradually. 
Those coming under the first head are not worth further thought ; 
they are positively dangerous, and many of them would more 
frequently cause worse accidents than those which they are sup- 
posed to prevent. Those coming under the second head are too 
complicated or too unreliable for practical use. One of these con- 
sists of an arrangement for securely gripping the conductors if 
the rope breaks, but this does not immediately stop the cage. The 
cage is attached to the gripping device through the medium of a 
wire-rope coiled on a drum secured to the top of the cage. This 
drum is provided with a sort of automatic brake, which is ap- 
plied with gradually increasing force as the safety-rope is paid 
out. The writer is inclined to the opinion that people who will 
not take the trouble to look after their winding-ropes will not 
give much attention to a complicated device of that kind, and if 
it did not cause an accident itself, in all probability it would be 
out of order when required to operate. 

One of the safety-cages favourably reported upon by the 
Transvaal Commission* is a device consisting of a steel cylinder 
containing liquefied carbonic-acid gas, which, in the event of the 
rope breaking, operates two rams or pistons working in other 

• Report of a Commisaion appointed by His Exceliericy the Lieutenant^ 
Oovemor [of the Transvaal] to enquire into and Report upon the Use qf Winding- 
Ropes, Safety-catches and Appliances in Mint'Shafts, annexure No. 7, page ciii. 
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cylinders. These rams are designed to actuate brake-blocks 
which bear upon the rigid glides in the shaft, and bring* the cage 
to rest more or less gradually. Again, the complication is too 
great, and again the writer finds himself asking the question 
whether it is likely that people who are going to neglect their ropes 
or treat them so that they will break, are the sort of people to keep 
in g^ood working order a complicated apparatus of that kind. But 
in this particular case we have an object-lesson at first hand, the 
full particulars of which will be found in the report of the above- 
mentioned Commission. 

On September 7th, 1906, seven members of the Commission, 
two officials, and one representative of the inventor conducted a 
practical test with this apparatus at the " Marcus " shaft, a shaft 
which had been placed at the disposal of the Commission for the 
purpose of such experiments. The first test, allowing the caj^e 
to fall from nest, was apparently successful. Then followed a 
more severe test, in which the cage was detached whilst descend- 
ing. The cage dropped to the bottom of the shaft, there was no 
evidence of any retarding action, and it was found that there 
was no gas in the cylinder.* If this can happen in a specially 
conducted test, what could happen, one ventures to ask, in 
ordinary work, when there are no experts standing around to 
look after it? 

But the last word about sa£ety-cages has surely been uttered 
by the inventor of this appliance himself. The writer does not 
speak disrespectfully nor does he venture to express an opinion ; 
he contents himself with quoting Mr. K. Schweder*s own words 
in the concluding paragraphs under the heading " Advantages 
claimed for this Safety-device. "t Mr. Schweder was a member 
of the Commission, and is the inventor of the appliance in ques- 
tion. He says : — 

** In conclusion, I do not think I have to point out especially that the value 
of a really reliable safety -catch is not alone that of safety, but of economy as well, 
as the mine manager is entitled to use a rope a little longer if he can rely on the 
safety-device. 

Another consideration is that the margin in the factor of safety might be 
reduced for very deep shafts." 

• Report of a Commitaion appointed hy His Excellency the Lieutenants 
Oovemor [of the Traivuxjud] to enquire into and Report upon the. Use of Winding" 
ropes, Safety-catches and Appliances in Mine-shafts, page Izviii, 

t Ibid., annexure No. 7, page ciii. 
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The writer commends the above expression of opinion, with- 
out comment, to his fellow-members for their most serious con- 
templation and meditation. 

In conclusion, the writer feels that he may appear to have ex- 
pressed some of his views very strongly, but in a matter of such 
great importance there is nothing to be gained by beating about 
the bush. He has no interest in any mining appliances, either 
connected with winding or other operations, except in so far as 
they lead to economy, efficiency, and safety; and wherever effi- 
ciency and safety are found there also will economy be 
found. Economy is not measured by the amount of expenditure 
incurred, but by the degree of efficiency and the standard of 
safety which can be maintained. 



The President (Mr. John Ashworth, Manchester) thought 
that Mr. Winstanley's paper was of a most instructive character ; 
the members present had been fully interested in it from first 
to last, and it had been illustrated by excellent slides. The 
paper showed how important it was, not only to have good laws, 
but to exercise the utmost possible care and one's best judgment 
in all circumstances. 

Mr. Henry Hall (H.M. Inspector of Mines, Bainhill, near 
Liverpool), in moving a vote of thanks to Mr. Winstanley, said 
that the pleasure of listening to this most excellent paper was 
enhanced by the fact that it came at a very opportune moment, 
as several very bad accidents had happened quite recently, due 
to causes mentioned by Mr. Winstanley. The first part of the 
paper might, however, lead to some misconception. The author 
had said a great deal about the qualities of wire used, and what 
bad ropes there were in the market, and left it to be implied 
that colliery managers might be willing to purchase some of 
those ropes of bad quality. In his judgment, colliery managers 
were not likely to do anything of the kind. If there was one 
matter as to which they should be careful, it was this question of 
the quality of the winding-ropes, because a bad rope might lead 
to serious damage to the mine in addition to the danger to life. 

Mr. T. H. Wordsworth (Audenshaw, Manchester), in second- 
ing the vote of thanks, said that the paper must have occupied 
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a good deal of time in its preparation, and that Mr. Winstanley 
had laid before them much valuable information- 

The resolution was unanimously passed. 

Mr. W. Ollerenshaw (Denton) said that Mr. Winstanley 
had previously read many excellent papers before the Society, 
but he thought that on this occasion he had excelled himself. 
He admired his courage in referring to defective ropes. Mr. 
Hall thought that colliery managers did not buy bad ropes ; but 
the fact remained that manufacturers were selling them, and, 
therefore, somebody must be buying them. He believed with 
Mr. Winstanley that cheap ropes were not economical but expen- 
sive ; yet no matter how good a rope was when first put to work, 
unless it received proper attention, was regularly cleaned and 
properly lubricated, rapid deterioration would soon result. 

Mr. Leonard R. Fletchee (Atherton) thought that the factor 
of safety for winding-ropes need not be 10 in all cases. It 
seemed to him that there was a sufficient margin of safety for 
heavy loads with a factor of about 7. Assuming the loaded 
cage to weigh 10 or 12 tons, if the rope were made on the prin- 
ciple of being* ten times stronger than the weight that it had to 
bear, a rope of large diameter would be required. If the cage 
were only 3 tons or thereabouts in weight, taking a factor of 10 
they would get a rope that would not break under a less strain 
than 30 tons, thus allowing a margin of 27 tons. But, assum- 
ing that one was content with a factor of 7 for heavy loads, and 
had a cage that weighed 10 tons, they would then get a rope 
that would stand a strain of 70 tons, and the margin would be 
60 tons. Given a rope of the best quality, he thought that he would 
be able to sleep at night under such circumstances. Mr. 
Winstanley had referred to the use of keps or catches. As to 
the value of these appliances there was, of course, some diversity 
of opinion. He was accustomed to use them, and was heartily 
in favour of them. Mr. Winstanley had referred to some patent 
keps or catches which the banksman at the pit-top could draw 
without having the engine reversed or the cage lifted, and he 
condemned them in what he (Mr. Fleteher) thought was un- 
necessarily strong language. Personally, he did not like that 
condemnation, for at Atherton collieries they had had these 
patent keps in regular use for two or three years with very satis- 



Vol. TXT.] DISCUSSION — ^ACCIDBNTS IN WlNDtNG. ^68 

factory results. He thought that Mr. Winstanley was labouring 
under a misapprehension in stating that a strong reason against 
using these patent heps was that the slack chain which might 
be resting on the top of the cage would go down with a jerk 
when these catches were drawn away. As a matter of fact, no 
slack chain would remain on the cage at the pit-top, as it would 
immediately be taken up by the weight of the other cage-rope 
hanging in the shaft. • He had been very much interested in 
the paper, but thought that it would be a pity if anyone were pre- 
vented from using these patent keps by what had been stated 
by Mr. Winstanley ; and it was only fair both to the makers and to 
those who used them, to state what had happened in actual 
practice. Personally, he would be sorry if, as Mr. Winstanley 
had suggested, any law were passed to compel a 10 to 1 factor 
of safety for winding-ropes, or to prohibit the use of these patent 
keps. The laws which they had at present to observe were as many 
as they could well remember, without adding to them 
unnecessarily. 

Mr. S. EcKMANN (Manchester) said that no reference was made 
in the paper to the safety-devices for electric winders. Mr. 
Winstanley had rightly emphasized the necessity for providing 
winding-engines with such controlling-appliances as would 
relieve the driver of undue physical exertion and would 
automatically prevent overwinding, running away, or starting 
in the wrong direction. The control-devices of electric winders, 
especially those after the Ilgner, Ward Leonard, or similar 
systems, were far superior to any of the appliances mentioned 
in the paper. They were well known, and had been dealt with 
in a previous paper.* The superiority of electric control had 
been recognized by Continental authorities by allowing the maxi- 
mum speed of 33 feet per second for winding men with electric 
winders, as against a maximum of 18 feet with steam winders ; in- 
deed, when testing a new electric winding-engine, gentlemen had 
allowed themselves to be wound at a maximum speed of 60 feet 
per second. In another test, the driver of an electric winder 
was advised to start the engine and then go away, and to leave 
the retarding and stopping entirely to the automatic devices, 
with the result that the cage was stopped automatically at bank- 
level. The smooth running and, consequently, the reduced wear 

* *' The Application of Electricity for Winding and other Colliery Purpoees," 
by Mr. Maurice Georgi, Trans, M. O, M, S,, 1904, vol. ixviiL, page 455. 
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of the ropes and the greatly increased safety against accidents 
connected with electric winding-engines, were points well worth 
taking into account when the question of steam or electrically- 
driven winding-engines was under consideration. 

Mr. A. RusHTON (Abram, near Wigan) said that at the Abram 
pits they used cage-keps whilst the men were ascending and 
descending, after which they were pegged back for the rest of 
the day, and thereby wear-and-teax of the cages was saved, 
the cages always being suspended, and the ropes kept tight 
during the winding of coal In these pits where the catches or 
keps were used and heavy weights were raised, a severe strain 
would be put upon the ropes by using the catches continually when 
the engine raised the load from the bottom, as the cages rested 
upon the catches and the rope was slack. At one of their pits, 
the weight raised from the bottom was 13 tons. He was in 
favour of using the catches for men, but did not deem them 
needful when drawing coal. 

Mr. John Livesey (Bolton) urged the desirability of demand- 
ing a certificate with every rope purchased. Bopes could be 
obtained at any price, but Mr. Winstanley had not told them 
which was the best way to secure a good one. At present, they 
could only tell whether a rope was a good or a bad one after it 
had been in use. 

Mr. John Gerra&d (H.M. Inspector of Mines, Worsley) said 
that it was not sufficient for a coal-owner to trust a manufacturer 
to produce a good rope by leaving the price unlimited. He 
agreed with Mr. Livesey as to the importance of having a certi- 
ficate of test, and shared Mr. Winstanley's objection to greas- 
ing — covering the dirty rope with a villainous paste. Bopes 
ought to have fair treatment, not only as to the size of the 
pulleys and drums, and the angles at which these were placed, 
but also as regarded proper cleaning and lubrication. He was 
much interested in Mr. Fletcher's observations regarding the 
weight of ropes; his view was that by improving the quality, 
giving full consideration to obtaining great strength together 
with less weight, the factor of safety now prevailing might 
continue for deep shafts. It should be remembered that human 
agents were liable to err; and in connection with the taking 
up of the load and the acceleration to full speed, there were 
reasons for requiring a considei^able margin. He strongly 
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supported the resort to mechanical arrangements to prevent 
undue speed, or the starting of the engines the wrong way, and to 
arrest the engines in case the engineman failed to do so. Detach- 
ing-hooks had made winding in shafts much safer, but they did 
not secure safety at other than moderate speeds, for every 
detaching-hook hitherto brought out had failed at full speed. 

Mr. George H. Winstanley (Manchester), in acknowledging 
the vote of thanks, said that, with the President's permission, he 
would defer his reply to the various points raised until the 
adjourned discussion ; but he would like to say, in answer to Mr. 
Fletcher, that he was willing to admit that the reference to 
mechanical keps might perhaps with advantage have been differ- 
ently worded. As a matter of fact, iix revising the proof he. 
had made an addition which he feared did 'not appear in the 
advance-copies printed for use at the meeting. 

What he had desired to convey, with regard to mechanical 
keps was, that perfect as such appliances might be mechanic- 
ally, they were liable to very serious abuse, and if not applied 
and handled with the greatest possible care, their undoubted 
advantages might be converted into disadvantages. 

He advocated in all mechanical appliances, so far as was 
reasonably practicable, arrangements which would refuse to 
act altogether unless properly operated. Mechanical keps — keps 
which obviated the necessity for raising the cage to effect their 
withdrawal — might be, and no doubt were, excellent appliances 
in themselves. But whilst on the one hand, when carefully used 
with regular adjustment of the ropes, they might be very con- 
venient and give most satisfactory results, on the other hand, 
their actual operation was independent of the adjustment of the 
rope and the manipulation of the engine, and they could, as a 
matter of fact, be withdrawn when the rope was slack. For 
this reason, he had desired to introduce a reference that would 
call forth discussion, to emphasize the importance of extreme 
care in the application and use of these otherwise valuable 
appliances. 

With regard to the factor of safety in winding-ropes, he 
was glad that that point had been taken up, and hoped that more 
would be said upon the subject at the adjourned discussion. 

The further discussion of the paper was adjourned, 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

Hbld in thb Rooms of thb Sociitt, Qitbbn's Ghambxbs, 

5, John Dai;ton Strkbt, Manohkstbb, 

Afbil 14th, 1008. 



Mb. JOHN ASHWORTH, Pbwidbnt, in the Chaib. 



The following gentleman was elected, having been previously 
nominated : — 

Mbmber— 
Mr. Stdnkt Arthur Chambers, Mining Engineer,' 96, Gresham House, 
London, E.G. 



Mr. Chables F. Bouchiee read the following paper on 
'* Enlarging an Upcast Furnace Shaft from 10 to 15i feet in 
diameter, whilst Available for Winding Men and Coal." 
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ENLARGING AN UPCAST FURNACE SHAFT FROM 10 
TO 15i FEET IN DIAMETER, WHILST AVAILABLE 
FOR WINDING MEN AND COAL. 



By CHARLES F. BOUCHIER. 



Introduction. — The arrangement recently installed at the 
Strangeways Hall colliery, near Wigan, belonging to Messrs. 
Crompton & Shawcross, Limited, for the stripping and enlarging 
of an upcast shaft from a diameter of 10 to 15^ feet inside the 
brickwork, may be of interest to the members. 

The shaft was already sunk to a total depth of 2,160 feet from 
the surface, being 10 feet in diameter down to 1,620 feet, and 14 
feet in diameter for the remaining 540 feet. 

The first thing to be done was to get a correct centre-line of 
the bottom length, and before commencing the work there were 
certain points that required careful consideration, namely : — 

(1) There are' four seams dependent on this shaft for ventila- 
tion ; this is effected by means of a furnace placed in a mouthing 
1,200 feet from the surface, which would not allow of the shaft 
being filled up and enlarged in that way. 

(2) The shaft acts as the second outlet from the mines, and 
consequently must be in constant readiness for any emergency. 
The first 1,620 feet is being increased from 10 feet in diameter to 
15i feet, instead of 14 feet, for reasons which will be explained 
later. 

There are two pairs of engines (figs. 1 and 2, plate xiii.) fitted 
up for winding ; (1) a pair of cylinders 22 inches in diameter by 
3 feet 6 inches stroke, with a drum 7 feet in diameter, which were 
originally used for winding coal, and afterwards for the sinking 
of the last 540 feet; and (2) a pair of cylinders 36 inches in 
diameter by 4 feet 6 inches stroke, with a drum 20 feet in diam- 
eter, which have been erected to wind coal when the shaft has 
been stripped to the entire length. The smaller pair of engines 
are now used for the stripping operations, and the larger pair for 
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winding coal, examining below the tube, and are available for 
drawing the men out from the mines below in case of emergency. 
There are three conduoting-rods, IJ inches in diameter, for the 
cage to travel up and down, and two |-inch ropes as conducting- 
rods for the hoppet. 

The stripping operations were first commenced by working 
three shifts of 8 hours each ; but when more coal was wanted, it 
was decided to wind coal for 8 hours, namely from 6 a.m. to 2 p.m., 
and to strip from 2 p.m. to 6 a.m. The men working in the mine 
from which coal is wound are lowered and raised by another shaft, 
and coal only wound during the 8 hours. 

The first 600 feet in depth has been sunk for more than 60 
years, and has twice collapsed and completely run in; on the 
first occasion about 45 feet from the surface, and on the second 
about 240 feet, which rendered the work of enlarging both 
difficult and dangerous, as the old curbs had given way and 
were very much out of the centre-line of the shaft below. 

Commencing from the surface, the old shaft was excavated to 
24 feet square, and pitchpine timbers 18 inches square put in 
every 7 feet in depth, with 7-inch by 3-inch planks behind 
these timbers. As the loose ashes and soft ground were taken 
out, the old brickwork was left standing to act as a fence and to 
keep the smoke from the men, being taken down as the sinking 
proceeded, about 7 feet each time, until solid ground was reached. 
Where the shaft had previously collapsed and had been filled in 
with loose ashes, the ground was very bad, and great care had 
to be taken to prevent it from again giving way for a depth of 
46 feet to the metal, when a ring 15^ feet in diameter was 
laid, and the shaft bricked up solid to the timbers, which were 
taken out as the bricking up proceeded. 

The ashes were wound in barrows, by means of a small steam- 
winch, which was very handy for getting round the sides, as 
also for letting bricks and mortar down for the bricking. 

After the metal was reached and the sides became stronger, the 
shaft was excavated in a circular shape, making it 17 feet in 
outside diameter, in order to leave a finished inside diameter of 
16i feet. Where the metal had to be blown, precautions had to 
be taken to prevent it from falling down the shaft by slinging 
a tube of ^-inch plates 18 feet 6 inches long by 8 feet 3 inches in 
diameter, by means of two crabs on the surface attached by 
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1-inch ropes, with the large winding-rope as an additional safety. 
The tube was 8 feet 3 inches in diameter instead of 10 feet (the 
size of the shaft), in order to allow room for the hoppets to land 
and give more room for the men to move about, also to allow room 
for the shots to lift. In order to prevent metal from falling down 
the opening, a segment was bolted to the bottom of the tube. 
Double hand ratchet-drilling machines are used ; they are first 
fixed in a horizontal position against the tube to drill holes about 
18 inches deep, in which plugs are inserted for the machines, 
when the machines are fixed in a vertical position for drilling 
the shot-holes, which average 4 feet to 4 feet 6 inches in depth, 
according to the nature of the ground. Care has to be taken 
that these holes are not drilled below the bottom of the tube, 
and also to prevent the shots from simply blowing out at the 
bottom and not lifting the metal. 

Nine and ten holes, which are all bench-shots, are drilled and 
charged, and fired by an electric cable and battery from the sur- 
face, which blow the metal against the tube, thus preventing it from 
falling down the pit. The debris is filled out and wound in the ord- 
inary way. Skeleton rings and boards are placed every 4 feet apart 
to protect the side of the shaft, and are taken out as the brickwork 
lining is constructed. The tube is always not less than 4 feet 
below the bottom of the holes to be fired. When the sinking 
has proceeded to within this length of the bottom, the tube is 
again lowered, by means of the crabs and the winding-engine, 
to within 3 feet of the bench on which the sinkers are working. 
The depth sunk before being bricked up varies according to 
the nature of the ground, the greatest length having been 120 
feet, a week being occupied in completing the bricking. As an 
additional support, a bricking-ring was laid in the middle of this 
length. When suitable ground for plugging is reached, the drill- 
ing-machines are set against the tube and the holes drilled ready 
for the plugs. So as to prevent any damage to the bricking-ring 
when it is set, by the firing of the next round of shots, the shaft 
is sunk 6 feet deeper and the last round of shots left in until 
the bricking is finished. When it has been decided to brick up, 
the tube is lowered below the ring. 

BricUng-scaffold (figs. 3, 4, 5, and 6, plate xiii.). — Owing to the 
conducting-rods being in the shaft, the bricking-scaflFold is made 
in four parts, and each has to be lowered separately every time 
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that it is used. It is put together on two baulks placed in hangers, 
18 inches long, from the bricking-ring and bolted by shot-bars. 
An opening is left in the centre (fig. 6, plate xiii.), 7 feet in diam- 
eter, with sheeting round it 4 feet high, to act as a fence and to 
allow the ventilation to pass through. It is raised by means of four 
1-inch ropes attached to the main winding-rope as the brick- 
ing proceeds. When a length of bricking is completed, it is again 
lowered on to the timbers, there taken to pieces, and then 
sent up the pit. When coal was being wound, the scaffold was 
fastened to the skeleton-rings by means of a pulling-jack on each 
side, in order to liberate the winding-rope. The depth already 
completed and bricked is 681 feet, and has averaged 24 feet a 
week. 

Ventilation for Sinkers. — During the stripping of the first 
300 feet, the ventilation was taken down two ranges of 18-inch 
galvanized air-pipes, the fresh air going down the pipes and re- 
turning up the centre of the shaft. No more pipes have been put 
in, and the air now goes down the sides of the enlarged shaft 
and returns up the centre with the ventilation current from the 
other mines. 

A vote of thanks was accorded to Mr. Bouchier for his paper. 

Mr. Charles F. Bouchier (Wigan), replying to a question by 
Mr. George B. Harrison with reference to the broken ground where 
the collapse or " run in " of the shaft had previously taken place 
about 240 feet down, said that a certain amount of difficulty was 
experienced in getting through at that spot, which was overcome 
by putting down piles, and so keeping the soft ground back, and 
that the shaft had been sunk at various times, and was not abso- 
lutely perpendicular; the tube, therefore, could not be taken 
down the centre throughout. 

Mr. Alfred J. Tonge (Bolton) asked Mr. Bouchier whether 
they were able to continue bricking all the time that they were 
winding coal, as he should think it would be necessary to uncouple 
the rope and leave the main cage at the bottom while the bricking- 
scaffold was raised, which would shorten their working hours. 
He considered the arrangement to have been on the whole very 
well thought out. 
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Mr. BoucHiER replied that coal waa not wound while the brick- 
ing was going on. As stated in the paper, coal was wound from 
6 a.m. to 2 p.m., and the bricking took place from 2 p.m. to 6 
a.m. Replying to Mr. James Ashworth, Mr. Bouchier said that 
the ca^e was detached at the surface, and that only about 10 
minutes was required to change from coal-winding to sinking. 
No damage was done by the firing of shots. They were fired 
simultaneously. 

DISCUSSION ON MR. JAMES ASHWORTH'S PAPER ON 
*^ AIR-PERCUSSION AND TIME IN COLLIERY EX- 
PLOSIONS.''* 

Mr. W. N. Atkinson (H.M. Inspector of Mines, Bridgend) 
wrote that the object of Mr. Ashworth's paper appeared to be 
to prove that "percussion-effects" played an important part in 
colliery explosions. This theory had been advanced or discussed 
on several previous occasions, but the evidence and arguments put 
forward to support it failed to carry conviction. In the large 
number of explosions which he had investigated, he had found 
no indication to support the theory, nor any reasons for suppos- 
ing such effects had occurred. 

So far as the argument was based on the Courrieres explosion, 
he thought that it was altogether erroneous. In the first place, 
it might be asked on what evidence or authority it was stated that 
** the floor of the [Lecoeuvre] gallery was lifted,"! and "that the 
upheaval or disturbance of the floor at this point indicated, either 
an outburst of gas, or the accidental ignition or detonation of an 
explosive above the air-pipe."J The first of these statements 
was contrary to the fact ; the floor was not lifted, and therefore the 
deductions in the second statement had no such basis. It waa true 
that the air-pipes were shattered, as stated, and the rails displaced, 
and this occurred near where the prolongation of the axis of the 
shot-hole at the face would strike the floor of the gallery. 

With reference to the remaining statements in the first para- 
graph of the paper and those in paragraphs 2 to 7, it was not 
apparent what bearing they had on the percussive theory advanced 
in the paper. 

• Traiwi. hut, M, E., 1907, vol. xxxiv., page 270 ; and Tram. M. 0. M. S., 
1907, vol. XXX., page 158. 

t Tram. Imt. M, E., 1907, vol. xxxiv., page 270 ; and Trans. M. G. M. S., 
1907, vol. xxx., page 158. 

t Trans. Inst. M. E., 1907, vol. xxxiv., pages 272 and 273; and Trans. 
M. 0. M. S., 1907, vol. xxx., pages 160-161. 
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With reference to paragraph 8, wherein it was stated that: 
"The indications of force from the Lecceuvre gallery were not 
directly towards No. 3 pit,"* the reason of this was explained on 
pages 467 and 468 of the paper on the " Courriferes Explosion " by 
Mr. Henshaw and himself,t and on page 15 of the official report 
by Mr. Cunynghame and himself,J namely, that on the two more 
direct routes to No. 3 pit, the explosion was arrested for lack of 
coal-dust. 

Paragraph 11 of Mr. Ashworth's paper stated that " The wet 
condition o'f the 1,070 feet (326 metres) north bowette did not 
restrain the flame of the explb8ion."§ The wet condition of this 
road was discussed on page 16 of the official report above referred 
to. As steam from the Cecile fire passed through it for many 
weeks after the explosion, the roof and sides were naturally wet 
or damp when examined ; and the water-course by the side of .the 
road being blocked through falls, and a pump being out of action, 
there was much more water on the floor after the explosion than 
before. The roof and sides of the bowette " were blackened with 
the usual coating of black dust found after explosions on dusty 
roads, and at one place coked dust was found." He had no doubt 
that the portion of this bowette traversed by the explosion had 
contained sufficient dry dust to account for its passage. 

No. 3 pit was not " choked with debris" (paragraph 12, page 

272). There was always a passage through the debris, first for the 

smoke of the explosion which invaded the bank at No. 3, as well as 

at No. 4 pit, and later for the air during 10 months when No. 3 

pit was used as an upcast. What was meant by " heavy percussive 

effects " (paragraph 13, page 272) ? As in all extensive explosions, 

damage was done on the roads traversed by the blast, timber was 

blown out, and falls of roof occurred in consequence. The bearing 

on the percussive theory of the position of the fires caused by the 

explosion was not apparent (paragraph 14, page 272). 

With reference to the indications in the Lecceuvre gallery 

(which they had not been able to examine minutely), he did not 

* Trans. Inst, M, E,, 1907, vol. xxxiv., page 271 ; and Trans. M. O. M, S., 
1907, vol. XXX., page 159. 

t Trant, Inst, M. E,, 1906, vol. xxxii., page 439. 

X Report to H.M, Secretary of State for the Home DejHirtmeiU on the Disaster 
which occurred at GourrUres Mine, Pas de Calais France, on March 10th, 1906, by 
Measrs. H. Cunynghame and W. N. Atkinson, 1906 [3171]. 

§ Trans, Inst. M, E,, 1907, vol. xxxiv., page 272 ; and Trans. M. O, M, S., 
1907, vol. XXX., page 160. 
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think that it had been previonsly pointed out that all the frag- 
ments of the fourth air-pipe, marked on the enlarged plan of the 
gallery (plate xxv., volume xxxii.), were found out-bye of the orig- 
inal position of the pipe, except some pieces (No. 142) under a fall 
just opposite the position of the pipe. Fragments of clothing and 
leather hats were also shown scattered from the face outward. 

It might appear to Mr. Ashworth to be " practically certain " 
that his " proved facts " (some of which were not facts) demon- 
strated where the explosion began and all about it, but this paper 
was not likely to convert to his views those who made personal 
investigations of the explosion. 

Mr. W. L. HoBBS (Pendleton) said that it was immaterial to the 
discussion of the theory of air-percussion whether the ignition, 
which Mr. Ashworth agreed with Messrs. Atkinson and Henshaw 
took place in the Lecceuvre heading, occurred from the cutting 
out of a missed shot, as Messrs. Atkinson and Henshaw thought, 
or whether it occurred from an ignition of explosive at the fourth 
air-pipe, as Mr. Ashworth, Mr. Stokes,* and Mr. Simcockt con- 
tended. It was a very interesting point, and a good deal could be 
said for both sides; but it was suiBcient for that discussion to 
agree that somehow or other an ignition did take place at that 
point. 

Mr. Ashworth's argument, however, that another, and as he 
(Mr. Hobbs) understood him to contend, the primary explosion, 
originated at the western end of the recovery-drift from the Marie 
south level at 1,070 feet (326 metres) to the Josephine seam, did 
not appear conclusive. Messrs. Atkinson and Henshaw stated} 
that the reason why the explosive force from the ignition in the 
Lecceuvre heading did not take the shortest routes to the bowettes 
was that the dust was not inflammable on those routes, in proof 
of which they gave analyses of the dust (Nos. 16 and 17). The 
explosion, they stated, went eastward along the Josephine level 
to No. 2 pit, and part of the force turned through the recovery- 
drift before mentioned to the Marie seam, and so to the 326 metre 
bowette. He (Mr. Hobbs) assumed for the moment that the 
fuel for the explosion was coal-dust. When the force emerged 
from the recovery-drift, it seemed most probable that it would 
branch right and left into the the Marie workings, provided that 
• Traiu. Inst, M. E,, 1906, vol. xxxii., page 340. 
t Tfnd., 1907, vol. xxxiv., page 151. J Ibid., 1906, vol. xxxii., page 468. 



Vol. m.] DISCUSSIOX — ^AIR-PERCXTSSlON, ETC., IS EXPLOSIONS. 276 

there was fuel for it to feed upon. This seemed to have been the 
ease, as the whole of these workings were traversed by the explo- 
sion, and all the men perished. There did not appear, therefore, 
to be any necessity to suppose that there was a separate explosion 
at the end of the recovery-drift. All the effects would take place 
without any such separate explosion if the fuel were coal-dust. 

With regard to the statement in Section 11 of Mr. Ashworth's 
paper, namely, that " the wet condition of the 1,070 feet (326 
metres) north bowette did not restrict the flame of the explosion,"* 
he would point out that Messrs. Atkinson and Henshaw had saidt 
that from the evidence they obtained, the bowette was probably 
not wet before the explosion, except about the bottom of the staple 
pit from the Josephine level, and that it was probable that there 
was an ample supply of dust available at that point, as the coal was 
tipped down the staple pit from the Josephine seam just above. 
But in the south 1,070 feet (326 metres) bowette there was a wet 
zone 200 feet long, which stopped the explosion at that point; 
and it was from workings beyond this point that a party of 13 
men escaped twenty days after the explosion. 

It waa also remarkable that in numerous cases the explosive 
effects disappeared when the dust contained a high percentage of 
incombustible matter, or was absent. t Several instances of this 
had been given by Messrs. Atkinson and Henshaw in their de- 
tailed description of the effects in the various districts. If Mr. 
Ashworth's theory as to air-percussion were correct, why should 
the explosive force stop at these places P Why should not the air- 
pressure restart the burning and coking effects after passing over 
these barren zones? The workings were most complicated: 
branch roads and staple pits were abundant. The percussive 
effect of the air would have passed many junctions, including 
the area about the bottom of No. 3 shaft, where the roads must 
have been of large size, before reaching these barren spaces. If 
it had persisted so far, why should not the effect have been the 
same all over the workings until it arrived at the open shafts? 
Messrs. Atkinson and Henshaw had given many instances where 
the burning effects ended with the end of inflammable dust. 
Why should they have ended just at those points if the effects 
were caused by heavy air-pressure ? 

• Trans. Inst, if. E., 1907, vol. xxxiv., page 272 ; and Trans. M. O. M. S,, 
1907, vol. XXX., page 160. 

t Tram. Inst. M, E., 1906, vol. xxxii., page 467. t ^^^'f P<^go ^^* 
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With regard to accidents caused by air-blasts, a paper had 
been read on the subject by Mr. Thomas Adamson,* and an inter- 
esting discussion had ensued, to which Mr. Ash worth made an 
important contribution. Details were there given of a number of 
cases in which damage was done and men killed at a considerable 
distance from the fall. In all the instancea, however, the cause 
was a huge fall of a considerable thickness of a strong roof, over 
extensive areas of goaf measuring as much as 100,000 and 200,000 
square feet. Naturally, when the large quantity of air displaced 
by this huge fall was forced along the contracted cross-section of 
the roads, very high pressure would be developed, and the result- 
ing damage was quite understandable. But they had heard of no 
such huge falls occurring at Courrieres. On the contrary, it was 
evident from the system of timbering enforced at these collieries 
that the roofs were not strong enough tp stand over a large area, 
even if no packing had been done. It was likewise impossible 
that a fall in the recovery-drift, which, being a cross-measure 
road, would not be of large cross-section, could develop an air- 
pressure anything like sufficient to cause burning and coking 
effects in roads with a cross-section at least as large as its own. 

Again, Mr. Ash worth, in his contribution to the discussion of 
Mr. Adamson's paper, in discussing the Mount Eembla disaster,! 
had stated that the large fall of roof was admitted by all the 
witnesses. He proceeded to state that the effects were felt only 
in the straight main haulage way, and not in branch roads which 
were drier than the main road. Perhaps he would explain why 
Lf in an example which was admitted to be a case of air-blast the 
damage was confined to the straight outlet, the force at Courrieres 
branched along all dusty roads, many of which led into districts 
which were cul-de-sacs. To his (Mr. Hobbs') mind the evidence 
seemed conclusive that the effects at Courrieres were caused by 
the combustion of dust, and not by air-percussion. 

Although it might be wandering a little from the strict subject- 
matter of the discussion, still as the Courrieres explosion was 
largely dealt with in Mr. Ashworth's paper, he would like to refer 
to one aspect of the explosion. The ignition that took place in the 
Leooeuvre heading was either of gas or of dust. When the head- 

• "Goii-blaste in the Giridih Coal-fieW, Bengal, IndU," Tran^. Jn^, M, £., 
1905, ToL zziz., page 425. 

t //'!</., page 434. 
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ing was reached after the explosion, it had been nnventilated for 
nearly three months, yet no trace of fire-damp could be detected.* 
Subsequently, bore-holes were put into the coal and also into the 
adjacent fault, but no fire-damp was found.t Yet if it was 
dust that carried forward the explosion, it was dust at the working- 
face. And it had so far been understood that it was the old dust 
back on the main roads, which had been deposited by the ventilat- 
ing current, and which had absorbed additional oxygen, that was 
the chief danger. 

The point to which he (Mr. Hobbs) wished to draw attention 
was illustrated in the '* Experiments illustrative of the Inflam.- 
mability of Mixtures of Coal-dust and Air,"t by Dr. Bedson and 
Mr. Widdas. These experiments pointed to a theory that dust, 
on standing in contact with air, instead of becoming more 
inflammable, lost some of its inflammability. A specimen of 
freshly ground coal-dust ignited at a temperature of about 
1,335^ Fahr. After standing only 17 days in contact with air,* 
it required about 1,490^ Fahr., showing an increase of 155^ Fahr. 
This raised the point as to whether coal-dust at the working face, 
where machines were working, especially punching-machinee, 
might not be in some cases as dangerous as dust farther out on 
the main roads, or even more so where such main-road dust was 
largely diluted with shaly matter. 

Mr. W. Ollerensiiaw (Denton) said that he was of the same 
opinion as Mr. James Ashworth, namely, that there had been in a 
large number of colliery explosions of the past a variety of effects 
that could not be satisfactorily explained, unless the theory of 
air-percussion was accepted. The indications of the direction of 
the force of the explosion in the Lecoeuvre heading at Courriftres 
could scarcely be explained by any other method of reasoning 
than that advocated by Mr. Ashworth, and this also applied to a 
large number of the great explosions of recent times. 

Having had some experience of the effects of air-compression 
in the mine, he could understand that most of the effects described 
in Mr. Ashworth's paper might, with truth, be attributed to this 
cause. Some years ago, whilst working at the coal-face at the 
Dukinfield collieries, engaged in working out a pillar of coal on 
the lower side of the main level, for the purpose of lodge-room for 

* Trans. Inat. M. E., 1906, vol. xxxii., page 473. 

t IhvL, page 474. J /6irf., 1907, vol. xzxiv., page 91. 
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water, a space measuring something like 600 by 60 feet was left 
behind ; and, owing to the lack of support, the roof, which was of 
a very hard and compact rock, commenced to "weight," this 
going on for a considerable time, until a break took place. Hear- 
ing this break, he had warned his workmate, and they both 
began to run along the lower side of the pillar. They had got 
about 150 feet along this level, when the roof in the waste pre- 
viously referred to fell with a tremendous crash. The compression 
of the air was so great as to blow them forward for a considerable 
distance. The workmen in other parts of the mine felt the con- 
cussion, and came to the conclusion that there had been an ex- 
plosion in the pit. He (Mr. OUerenshaw) believed that if the air 
compressed by the fall had not had several roads through which 
it could escape, and if they had been running along a level cut 
in the solid coal, they would have been thrown either against the 
face or sides of the level, and their lamps broken or damaged. 
The natural inference would have been that the accident was due 
to an explosion of gas liberated by the fall and ignited by the 
lamps, although as a matter of fact no gas was present, either 
before or after the fall took place. It was owing to this experi- 
ence and to the unsatisfactory results of some of the investiga- 
tions into the causes of colliery explosions in the past that he 
welcomed the paper of Mr. J ames Ashworth, and was pleased that 
the matter had been brought before the members, as probably 
same satisfactory explanations might be elicited. 

Mr. James Ashwortii (Rushton Spencer), replying to Mr. 

W. N. Atkinson, said that he would, in the first place, ask Mr. 

Atkinson to give references to " the several previous occasions " 

when percussive effects had been discussed. He was not surprised 

that Mr. Atkinson and others did not agree with his deductions; 

in fact, he expected such to be the case, as stated in his paper on 

page 274. Unfortunately, Mr. Atkinson did not discuss the 

examples given in the paper as to " time," and therefore he 

would call his attention and that of other non-believers to the 

reports of the disaster which occurred in December, 1907, at 

Monongah, U.S.A.,* where all the expert witnesses unanimously 

agreed that the effects of a blown-out shot were carried throughout 

two mines known as Nos. 6 and 8, by " simultaneous " explosions 

♦ "The Monongah Mine Disaster/* Mines and Minerals, 1908, vol. xxviiL, 
pages 277, 327, and 394. 
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in TarioTis panels and districts of the two mines, and that these 
simultaneous centres of explosion phenomena were probably due 
to the ignition and explosion of gunpowder in canisters. So 
effective were these " simultaneous " explosions in carrying the 
disaster, first throughout No. 8 mine, and then throughout No. 
6 mine, that the fact of both mines being ventilated by separate 
fans, and the workings laid out with a view to the very highest 
point of safety, did not enable one single man to escape alive. 
Both mines were worked with open lights. 

One point not noticed by Mr. W. N. Atkinson, but promin- 
ently referred to in the paper, namely, "time,*' had received 
most valuable support from the demonstration at Monongah. Thus 
the difference of time between the explosion making itself obvious 
on the surface at No. 8 mine and then at No. 6 mine was five 
seconds, and this accounted for a speed of about 3,000 feet per 
second. In addition to this interesting fact, although there was 
tremendous force demonstrated at the mouth of No. 8 mine, there 
was practically none at the mouth of No. 6 entry.* Inside this 
entry, about 200 feet, three men were killed in a tool shanty 
without a bum or bodily injury, and the cause of death was un- 
doubtedly concussion of the brain from ** percussive " effects on 
the air. 

In all probability, no such complete disaster had previously 
occurred in any part of the world, and its demonstrations of force 
and effect had entirely upset several theories, such as the possi- 
bility of restricting the extension of an explosion in a mine or 
mines when divided into separate districts, and these districts 
again subdivided into separate panels. Then, as to Courrieres, if 
the time when the explosion effects appeared at the top of No. 3 
pit had been taken, and compared with similar indications at 
the top of Nos. 4 to 11 pits, most valuable information would have 
been forthcoming. 

The evidence of the upheaval of the floor in the Lecceuvre gal- 
lery, at the point where the air-pipe was smashed into fragments 
(fig. 1, plate xiv.), was a matter of fact, and not of theory, and 
would be found in the reports, and also by reference to the report 
of M. G. Leon, Chief Inspector of Mines. Mr. Atkinson had 
said that the floor ** was not " disturbed, without giving his 
authority for this denial of a fact which was demonstrated on 

* There were similar demonatratioxiB at the entry of No. 2 mine at the 
Femie explosion ; see Trans, InaL M, £,, 1902, vol zziv., page 450. — J.A» 
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the official plan. Before Mr. Atkinson again insisted that an 
air-pipe made of sheet-iron or steel could be smashed into, say, 
89 pieces by a so-called blown-out shot, he (Mr. Ashworth) would 
suggest that the Home Office should be asked to make experiments 
to prove its possibility, as at present its positive impossibility 
was proved by the fact that the coal tram which was being loaded 
by Regis was in the direct line of fire, and instead of being re- 
duced to matchwood, waa comparatively little damaged. 

With regard to paragraph 14 of his paper, the bearing of this 
fact was that there was no proof of the flame of the explosion reach- 
ing the points named, and that these fires were therefore caused by 
the effects of percussion on mixtures of fire-damp and air or some 
other easily ignitable substances. 

Referring to the subject of facts or no facts, he (Mr. Ashworth) 
could not reply to these where the " no facts " were not indicated, 
but he might add that the official plan of the Lecoeuvre gallery 
showed that the pieces of the dismembered air-pipe were found un- 
der a fall of roof from just above where the pipe had originally been 
placed, and therefore it was clearly demonstrated that the pieces 
of pipe were in position before the roof fell. Mr. Atkinson pos- 
sibly had not had the opportunity of noticing that the lower side 
rail of the waggonway was lifted considerably above (11 inches) 
the higher side rail (fig. 1, plate xiv.) 

Referring to the plans of the Monongah mine, Mr. Ashworth 
said that the experts called in after the explosion, though not 
agreeing as to the point of origin, were unanimous in their opinion 
that the explosion was practically simultaneous at the several 
suggested points of origin. The day before, or on the morning 
of the explosion, the fire-bosses reported gas in many places in 
the workings, but it was instructive to note that after the explo- 
sion, only two places were found where it was possible to locate 
any small traces of gas. Besides the danger arising from fire- 
damp, there was an ever-present danger from a large number of 
overhead electric wires carried throughout the mines, and as these 
wires were blown down by the explosion, it was more than probable 
that some of them short-circuited, and therefore may have added 
to the effects by causing the ignition of mixtures of air and car- 
bonic oxide. The explosion seemed to have been carried throughout 
the pit simultaneously, or at a speed of 3,000 feet per second, and 
he (Mr. Ashworth) suggested that this was by air-percussion. Re- 
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ference had been made to " goaf-blasts," and in these there was a 
remarkable instance of the effects of air-percussion, namely, in 
the little injury sustained by the men who were near to the falls, 
whereas those farther away were killed. The Mount Kembla 
disaster differed from the Monongah disaster in several ways: 
there was no fire-damp, no blown-out shot, no means of ignition 
so far as was known, nothing but an exceedingly heavy fall of 
roof; the effects of that fall were almost entirely confined to 
one haulage road inbye and outbye, and the only explosion which 
took place was on the surface, where people were burned and mat- 
erials set on fire, and not in the pit. The effects inside the mine 
were caused entirely by air-pressure and the mechanical force 
of the blast. 

Replying to Mr. W. L. Hobbs as to Dr. Bedson's tests, Mr. 
Ash worth said that he did not consider old dust half as dangerous 
as new dust. New dust, as ascertained by Dr. Bedsoi^ in his experi- 
ments, commenced to give off gas immediately after separation 
from the solid coal. Under such conditions, he (Mr. Ashworth) 
considered that each particle of coal-dust floated along in its own 
balloon of gas, and, therefore, that it ought to be estimated as 
a gas and not as a solid, and that it was the greatest danger in 
a coal-mine where explosives were used.* 

Mr. Hobbs did not seem to think that it was necessary to sup- 
pose that there was more than one explosion at Courrieres. There- 
fore, as there was an undoubted explosion in the LeccBuvre 
gallery, which he (Mr. Ashworth) had shown conclusively could 
not have originated from a blown-out shot, it became necessary 
to find a possible cause, and he had found that there were two, 
and probably more, simultaneous explosions which could not now 
be traced for lack of precise information ; and he had considered 
the place where the recovery-drift crossed the Marie level in No. 
3 pit as the centre of the demonstrated force (see fig. 8, plate 
xxii., vol. xxxii.).t As to this point, the indications of force rad- 
iated away from it in every direction ; thus the door which dir- 
ected the intake air into the Marie deep workings was completely 
swept away, and no trace of it was found. The Marie was the 
only mine in No. 3 pit lighted by safety-lamps, and therefore 

* See *' An Ignition of CoaUduBt at Middleton Colliery," by Mr. John Neal, 
Trans. Inst, M. E., 1907, vol. xxxiv., page 221, 

t Trans, Inst, M, E, 
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if this door were left open for a timej gas might have accumulated 
and have been carried on to one of the open lights in the stone 
drift, and ignited when the door was again closed. The ignition 
of explosives in many parts of the pits inTolved in the disaster 
was quite possible, but no inyestigation appeared to have 
been made to ascertain what became of the stocks of explosives. 
He believed that ignitions of explosives took place in other 
parts of the workings, and, as at Monongah, were main factors 
in extending the area affected by the disaster. Excess of dust 
was a more certain condition to bring any explosion to a termina- 
tion than dirty dust ; and certainly where fire-damp was a factor 
in an explosion, fine dirty dust was as dangerous as coal-dust. 

He (Mr. Ashworth) did not dispute that the combustion or 
explosion of dust took place at Courrieres, but the conclusion to 
which he had come was, that the explosion was extended by air- 
percussion : that was to say, if air-percussion had not been a factor, 
the explosion would have been confined to a smaller area, that 
the upheaval of the floor of about 11 inches (fig. 1, plate xiv.), the 
non-destruction of the tram in the end of the Lecoeuvre galleiy 
(fig. 2, plate xiv.), the indications at the top and bottom of the 
Josephine drop pit, and the reported indications of force in the 
recoupage, all showed most distinctly that the effects from the 
originating cause of the explosion were not entirely due to the 
ignition of coal-dust, and that air-percussion was a principal fac- 
tor, in which opinion he was pleased to find he had at least one 
supporter in Mr. Ollerenshaw. 

On many occasions the possible pressure exerted by colliery 
explosions had been debated, and a few people had ventured to 
place a figure to their estimates, but quite recently Mr. J. T. 
Beard in his book on Mine Gases and Explosions, had placed 
it at 196 pounds per square inch* ; and later still Dr. H. N. Payne, 
of the West Virginian University, when reporting on the Monon- 
gah disaster, estimated the pressure at 50 to 146 pounds per square 
inchjt according to the volume of air available for combustion. 
The writer therefore suggested that these suddenly exerted pres- 
sures were sufficient to extend any explosion to all parts of a mine, 
and also that there were at the present time no known means of 
neutralising them. 

• Page 214. 

+ **The Monongah Mine Disaster," Mivts aiui Minemlft. 1908, vol. xxviii.. 
pages 329 and 330, 



Vol. m.] DISCUSSION — ^ACCIDBNTS IN WINDING. 288 

DISCUSSION OF MR. GEORGE H. WINSTANLEY'S 
PAPER ON "ACCIDENTS IN WINDING, WITH 
SPECIAL REFERENCE TO ROPES, SAFETY- 
CAGES, AND CONTROLLING DEVICES FOR COL- 
LIERY WINDING-ENGINES."* 

Mr. G. H. WiNSTANLBY, in replying to Mr. Henry Hall, said 
that he was sorry if any observations in hi^ paper could be con- 
strued into an implication derogatory to 7he colliery manager. 
Nothing was farther from his intention. As the President, for 
the time being, of the Lancashire Branch of the National Associa- 
tion of Colliery Managers, he desired to make this quite clear, 
and to remark that no one was more ready at all times than him- 
self to uphold and safeguard the reputation of the colliery mana- 
ger. 

With regard to cheap ropes, he thought that Mr. Hall would 
be willing to admit, as Mr. Ollerenshaw had indicated, that cheap 
ropes were manufactured, and sold, and that therefore there must 
be both purchasers and users. Whenever a purchaser had the 
choice of two similar articles, one of which was offered at a lower 
price than the other, there was a right and proper tendency at 
least to consider why the cheaper one should not be selected. If 
it proved to be undoubtedly inferior, then, of course, no sensible 
person would hesitate. But in the case of steel-wire ropes, it was 
not always possible to make a selection so easily. Two ropes 
might be offered, both of the same size and weight, both made 
from wire of the same size, both professing to possess the same 
degree of strength, and apparently, on a test, giving proof of 
this equality. How then was the purchaser to decide? Be he 
colliery manager or proprietor, he would most naturally feel dis- 
posed to purchase the cheaper rope, which apparently was as good 
as the more expensive one. The object of this portion of his 
paper had been to show that it waa possible to produce .two ropes, 
one much cheaper (in first cost) than the other, and yet each 
should be capable of giving the same tests of tensile strength, 
torsion, and bending. Even the analysis of the two samples of 
steel might be the same, and still in use the cheaper rope would 
have the shorter life and would accomplish less. 

♦ Trans. Imt. M, E., 1908, vol. xxxv., page 134; and Trans, M. O, M, S., 
1908, vol. xzx., page 240, 

33 
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He had endeavoured to show how the cost of manufacture 
could be cheapened at the expense of the life of the rope. The 
valuable invention of Messrs. Yaughan and Epton had made it 
possible to apply a more practical and more satisfactory test, one 
which would, in a manner of speaking, crowd the working life 
of the rope into a few hours. By this means one would be enabled 
to determine which of two or more wires was of the better quality, 
and to ascertain relatively how much more work one rope would 
do than another under the same conditions and treatment. 

He feared that Mr. Livesey had rather lost sight of this par- 
ticular point in the paper, perhaps the most important point in 
that part of the paper relating to ropes. He thought that the 
" fatigue " test carried out by such an appliance as that invented 
by Messrs. Yaughan and Epton went a long way towards meeting 
Mr. Livesey's, as well as every other rope-user's, requirements. 

In further reply to Mr. Leonard R. Fletcher, he would like to 
say, on the subject of the " factor of safety,*' that he foresaw this 
difficulty in the near future when very deep shafts became more 
common. The task of surmounting this difficulty, however, 
would, he thought, be undertaken very largely by the wire manu- 
facturer and the steel expert. He had already raised the question 
with steel experts and wire manufacturers, and he was assured 
that when the time came, that was, when the demand arose, there 
would be found a means of meeting it without reducing more 
than to a very slight extent the present factor of safety. He was 
glad to see that Mr. John Gerrard supported him in this view. 
Finality had by no means been reached in the manufacture of 
steel wire, with a material having a strength of 130 tons per square 
inch of sectional area. Indeed, he believed that wires having a 
much higher degree of strength were already drawn and used for 
certain purposes. This, of course, would make it possible to use 
ropes of moderate dimensions and weight for heavy loads and 
great depths. 

He agreed with Mr. Fletcher that the laws relating to the 
working and management of collieries were altogether too numer- 
ous and too involved. The Coal-mines Regulation Act, with its 
Amendments and Special Rules (to say nothing of other Acts of 
Parliament affecting colliery working), was to his mind far too 
cumbersome and unwieldy ; and it was very difficult, even for the 
best-intentioned colliery manager, to avoid unconsciously tres- 
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passing.' He would like to see these laws " boiled down " into a 
more compact and convenient, but not necessarily less compre- 
hensive or less effective, form. 

He was scarcely prepared to take up the subject introduced 
by Mr. Eckmann; it was rather outside the scope of his paper. 
He was quite prepared to admit that electric winding arrange- 
ments possessed many advantages ; but his paper dealt rather with 
arrangements as they existed to-day, and he had little doubt that 
the steam winding-engine would, for many years to come, figure 
very largely in the equipment of British collieries. 

Mr. Rushton's observations, with regard to the use of keps, 
would, he believed, be supported by many colliery managers. He 
was in favour of their use whilst raising and lowering men. 

Mr. Joseph Dickinson (Pendleton) said that Mr. Winstanley's 
paper was so nearly exhaustive as almost to preclude addition or 
comment ; but a few remarks might be allowed on some break- 
ages of ropes, and on safety-catches for cages. 

As to rope breakage, whilst cordially approving of holding 
managers responsible for everything within the scope of their 
duties, it seemed perhaps too exacting to include the breakage 
of every winding-rope. Strain resulting in breakage might occur 
in various ways with heavy loads being brought into rapid mo- 
tion, even with all the care so generally bestowed by the winders. 
Breakage had also occurred without suflScient sign of failure, 
from either bad material to begin with, or decay from improper 
storage, over which the manager had no control, and for which 
it would be unfair to hold him responsible. 

As to safety-catches on winding-cages, they had saved life 
and also much damage to property ; therefore as a safeguard in 
the event of breakage they might be looked upon otherwise than 
as a beginning at the wrong end. At any rate, some of the circum- 
stances associated with their use might be mentioned. 

Premising that they certainly added weight to the load, which 
was a disadvantage, and that they also required some care to keep 
in order, substantial guides were required to support the arrested 
load, which generally helped to keep all steady. They also 
afforded the comforting assurance that, even if they did not on 
every occasion secure immunity, they did at times avert danger. 
Like safety-boats for escape from shipwreck, they did not always 
succeed ; but the sailors who were most exposed were said to like 
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them. As an occasional assurance in winding*, catches should not 
therefore be hastily parted with. 

Formerly, single link-chains were used as guides in shafts, and 
also iron rods ; then came wooden guides suitable for all depths, 
and with them the opportunity for the safety-catches ; whilst now 
wire ropes, with fly ropes between to prevent collision of cages 
at meetings, were becoming common, but very much less suited 
for the catches. 

The first automatic safety-cage known in this country was 
that devised by Mr. Edward N. Fourdrinier, as described in the 
Report from the 1849 Committee of the House of Lords. It was 
received with mixed hope and doubt, and, not proving satis- 
factory, disappeared. Others followed, some of which succeeded 
in running successfully at all speeds. 

Confidence in them became such that at one time a proposal 
was made for their compulsory use, together with the use of the 
disconnecting apparatus with safety-hook as a protection against 
overwinding. Consequently, enquiry was made, from which it 
appeared that in 1879 in the Manchester and Ireland district, 189 
safety-catches were in use, and 115 disconnecting appliances. Of 
the catches, 184 were the Owen, 4 the Broadbent, and 1 the 
Walker catch, a drawing of the Owen catch appearing in the 
official report for that year.* Of the disconnecting appliances, 
86 were the Ormerod, 16 the Bryham, 9 the Walker, 2 the inven- 
tion of another Mr. Walker, and 2 the Broadbent. 

Ten years afterwards, in 1889,t in the same district, another 
count was made : the catches numbered 180, a diminution of 9 ; 
the disconnecting^ appliances 186, an increase of 71. 

It might be that from the continually increasing use of wire 
rope as guides instead of wood, the number of safety-catches was 
diminishing. 

Mr. Geokge B. Habkison (H.M. Inspector of Mines, Swinton) 
said that with regard to ropes, he was not quite so optimistic as 
Mr. Winstanley, because he knew some collieries where ropes had 
broken even recently, although everything apparently had been 
done to keep them in order, and he was afraid that more ropes 
were broken than was generally thought to be the case. When all 

* Rtport on the Inspection of Mines, etc., 1879, by Mr. Joseph DickinBon, 
page 9. 

t Ibid., 1889, page 27. 
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was done that was possible, occasional breakages must 
Mr. Winstanley said that he had expressed a rather exi 
in order to elicit discussion. He (Mr. Harrison) was 
colliery managers were not lacking in courage in this ] 
they wished to be assured that what was intended 
accidents would not be likely to cause them. He had m 
an accident through safety-appliances coming into opei 
case had been recorded of an accident which caused 
property, but no loss of life ; but he knew personally se 
where they had prevented damage from being done. I 
proved that even the old form of Owen catch would 
good work when it was in proper order. It was no gr 
of time since, in the Manchester district, a cage was = 
going to the bottom. He knew also of several other c 
the safety-catch had acted, and also of cases where 
broken where it had not acted ; but in all the cases wit] 
was personally acquainted, only that had happened w!l 
have happened whether they had had a safety-hook or m 
all his experience indicated that it had been a great i 
and a source of safety in pits where they had wooden g 
had had no personal experience, however, of safety- 
operation with wire-rope guides, although he had seei: 
models ; but he was optimistic, and hoped that in the f . 
would be safety-catches that would do as good work i 
engaging-hooks. But exhaustive experiments would I 
made, say in some disused shaft, t9 find out wherein th( 
lay. 

The Pkesident said that the thanks of all the men 
due to the author of a paper so valuable in itself, and 
led to 80 much interesting and instructive discussion. 

Mr. George H. Winstanley said that he would 
press his thanks to Mr. Dickinson for bringing to bea : 
extensive knowledge and interesting reminiscences on sc 
a subject, and he was exceedingly sorry that Mr. Did: 
not present on the occasion when the paper was read, 
marks of Mr. Dickinson and Mr. Harrison, with regarc 
cages, could be dealt with in the same breath. The saf< > 
in use at the present time — ^those that had undoubtedl; 
again, saved a falling cage — were at old collieries wher i 
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of winding was comparatively slow, where the load was compara- 
tively small, and the conductors made of wood. They had, how- 
ever, to face, not th^ conditions of the past, but those of the pres- 
ent and the immediate future. For every colliery with small shafts, 
wooden conductors, and slow speed of winding, with comparatively 
small loads, there were several collieries with deep shafts, high 
speeds, and heavy loads ; and the problem of arresting the down- 
ward movement of a comparatively slow-moving cage, of moderate 
weight, and that of arresting the movement of a cage weighing 
10 or 12 tons, moving with terrific velocity, were widely differ- 
ent. He was afraid that it would be a long time before they could 
get a safety-device — ^which he would be most eager to welcome — 
that in the event of accident would take charge of the cage, not 
attempting its sudden arrest, but controlling it till it came safely to 
rest. To arrest a heavy body, moving at a high velocity, was a dan- 
gerous operation. Nearly all the safety-catches now in use tended 
to stop a cage where the velocity was not so high as to produce de- 
structive effects, and these might answer the purpose at the places 
where they were used. The fact, however, should not be lost sight 
of, that whatever experiments were undertaken they must, as in 
those recorded in the Report of the Transvaal Commission, be 
with full-sized appliances, under ordinary conditions, and moving 
at ordinary winding speeds, and not with models. The Transvaal 
report was on the whole unfavourable to safety-cage«. Of 
four safety-devices experimented with, it gave a sort of qualified 
approval. All these were complicated, and likely to get out of 
order, and to be out of order when they were expected to come 
into operation. If a safety-catch could be found which would 
gradually and safely arrest the cage, by all means let it 
be adopted. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 

HxLD IS THB Rooms of the Sogiitt, Qusbn*s Ghambkbs, 

5, John Daltok Stbsst, Manchbstbb, 

Mat 12th, 1908. 



Mb. JOHN ASHWORTH, Pbbsidxnt, in thi Chaib. 



The following gentlemen were elected, having been previously 
nominated : — 

Mbmbebs— 
Mr. Robbbt Abthub Fobt, Mine Surveyor, Moss Hall Coal Company, 

Limited, Piatt Bridge, near Wigan. 
Mr. F. LuEWELLiN Jacob, Mining Engineer, Femdale Colliery, Ferndale, 

Qlamorganshire. 



Mr. Joseph Dickinson read the foUowiug paper on " Devia- 
tion of Bore-holes " : — 
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DEVIATION OF BORE-HOLES. 



By JOSEPH DICKINSON, F.G.S. 



It is fairly well known that the usefulness of hore-holea 
in searching for minerals or water, tapping water or gas, and 
ventilating workings, is occasionally thwarted or rendered less 
helpful by deviation from the intended direction. Appliances 
have been invented with partial success for ascertaining the line 
of deviation, but something of a more practical nature is re- 
quired; and as the want is becoming more apparent, improve- 
ment is likely to follow. 

The idea of preparing these few notes on the subject was sug- 
gested by reading the careful description of a recent deep boring 
at Barlow, near Selby, which had proved the existence of coal 
about a dozen miles east of the present collieries in the Yorkshire 
coal-field.* 

This bore-hole was 18 inches in diameter at the top, and 
diminished to a few inches at a depth of 2,371 feet. It took 
fully two years to bore, delays being occasioned by want of water 
and by serious deviations of the hole from the perpendicular, 
one of these deviations necessitating the re-boring of 80 feet of 
strata. 

The angle or curve of deviation from the vertical was 
approximately measured by the setting of cement in a bottle 
enclosed in a case, which showed up to 15 degrees. But the 
direction of the deviation was not ascertained, it being assumed 
to be in the same direction as the dip of the strata. The result 
of the exploration was very much lessened in value by the devia- 
tion of the boring. 

The comprehensive account sets forth that deviation to the dip 
is not lield universally. Yet the assumption of that direction 
at the Barlow bore-hole seems to have been arrived at after con- 
sideration. The deviation is shown on a diagram (fig. 4, plate 

* "Deep Boring at Barlow, near Selby," by Mr. H. St. John Durnford, 
Traru. Inst, M, E., 1907, vol. xxxiv., page 426. 
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X., vol. xxxiv.),* and is said to have been the opinion of the 
person who had charge of the boring. This opinion seems also 
to have been accepted by the several eminent mining engineers 
and geologists who took part in the discussion on the paper, and 
being thus authoritatively introduced it may be left unques- 
tioned; indeed, under such circumstances, it seems desirable to 
add that the following observations are not intruded as contro- 
versial discussion, but as a distinct expression, lest the intro- 
duction on such high' authority may be misconstrued into an 
axiom applicable generally to bore-holes in inclined strata. 

Premising that fissured strata may divert the course of a bore- 
hole into almost any direction, yet ordinarily, with regular dip, 
force in boring seems likely to operate otherwise than when 
acting on bodies moving in fluids or on slopes. In a plumb bore- 
hole in inclined strata, the boring-cutter comes first on the rise 
of the bedding ; thus — the rise-side of the cutter takes the weight, 
allows the dip-side to sink, the boring-rods above follow, bend- 
ing to the dip-side with the cutter below thrusting to the rise; 
and, as a natural consequence, the bore-hole follows the cutter 
towards the rise. 

As a practical illustration supporting this theory, the writer 
may mention that sixt^ years ago, having occasion to sink a 
second shaft to a seam of coal found previously by boring and 
proved from a trial shaft, the second shaft was begun with the 
bore-hole in the centre, in the hope that it would take the water, 
which it did for a time. The strata had a moderate dip, and the 
shaft was perpendicular. As the depth of the shaft increased, the 
bore-hole diverged to the rise-side, and there passing out was 
ultimately found in the coal-working some yards away on the 
rise-side. Therefore, whatever definite information may here- 
after be obtained as to the direction of the bore-hole at Barlow, 
deviation to the dip cannot be accepted as an axiom applicable 
generally to bore-holes in inclined strata. 

Without going into details, which are well worth perusal, it 
may be added that the Barlow boring was by the new Calyx 
system, in which a rotary cylindrical steel-cutter is used for soft 
strata and another cutter, with triangular notches and chilled 
shot, for hard rock, along with combinations for regulating pres- 
sure and improving observation of the small outcome borings. 
♦ Tram, Inst. M. E. 
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The other bore-hole, where the shaft proved the deviation to the 
rise, was bored with an ordinary chisel-cutter, spring-pole, and 
hand-turning. 

Whether deviation of direction in either bore-hole was in- 
fluenced by the system of boring is not noticed ; nor are the posi- 
tions of the Bed Sandstone and Goal Measures in the geological 
series. Each of these items is an important but distinct factor; 
but what the writer has at present in view is merely to draw 
attention to the direction most likely to be taken by bore-holes 
in inclined strata. 

Mr. Henkt Bsamaix (Pendlebury) said that he had much 
pleasure in moving a vote of thanks to Mr. Dickinson for his 
interesting paper. As to the theory now put forward by that 
gentleman respecting deviation in bore-holes, he thought there 
was a good deal in it. His own view was that the tendency 
would be for the bore-hole to deviate towards the rise on the 
tool coming upon a hard bed in the strata. 

Col. Oeobge H. Holling worth (Manchester), in seconding 
the motion, said that he had quite recently come across a con- 
crete example of the truth of the argument put forward by Mr. 
Dickinson. He had consulted one of the most experienced 
borers as to the probable direction of a deviation, who stated 
that in his experience deviation not caused by a fault, or 
an obstruction in the bore-hole, took the direction of the rise of 
the measures. He was glad to have this opinion confirmed by 
Mr. Dickinson. With respect to the survey of bore-holes, there 
had been a considerable amount of this work done in the 
Transvaal and reported to have given satisfactory results, and a 
German inventor had perfected an apparatus which had been 
much used in Germany and France. 

Hie motion was carried unanimously. 

Mr. Joseph Dickinson (Pendleton), in acknowledging the 
resolution, said that he was surprised that none of the experi- 
enced men present at the reading of Mr. Dumford's paper raised 
any doubt as to the direction of the deviation of the bore-hole 
at Barlow. 

Col. Geobge H. Hollixgwobth (Manchester) said that he 
thought that arose from the similarity of the strata shown in 
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the boring cores over a conaiderable depth. He had had a 
similar case where the bore had gone a long distance in ground 
of the same nature, and that pointed to its following the dip. 
But the expectation as to this bore was that it went to the rise, and 
Mr. Dickinson had given them particulars of a confirmatory 
example. 

Mr. William Ollerenshaw (Denton) said he thought that the 
deviation of bore-holes depended very much on the character 
of the strata in which the bore-hole was driven. He had had an 
experience of a bore-hole which, about 90 feet from the surface, 
had deviated about 7^ feet to the dip. Most mining men were 
aware that there were sometimes ironstone-nodules present in a 
bore-hole, which would deflect it to the weaker side. 



Mr. A. E. MiLLWAED read the following paper on " Sinking 
and Tubbing a Well 15 feet in diameter, and Boring Two Holes 
44 inches in diameter, through Gravel, Bunning-sand, Boulder- 
clay, and other Measures, at Altham Bridge Pumping-station, 
near Accrington " : — 
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SINKING AND TUBBING A WELL 15 FEET IN 
DIAMETER, AND BOEING TWO HOLES 44 INCHES 
IN DIAMETER, THROUGH GRAVEL, RUNNING- 
SAND, BOULDER-CLAY, AND OTHER MEASURES, 
AT ALTHAM BRIDGE PUMPING-STATION, NEAR 
ACCRINGTON. 



By a. E. MILLWARD. 



Introduction. — In the spring of 1906, the Accrington and 
District Gas and Water Board obtained by Act of Pariiament 
powers to make new water- works at Altham. For some years the 
consumption of water had been periodically restricted throughout 
the district supplied, and upon two occasions (in 1904 and 1905) 
the reservoirs had only contained 15 and 12 days' supply 
respectively, owing to the increased requirements of a growing 
population and the exceptional drought of the previous two or 
three years. The whole of the water-supply, up to this period, 
was obtained from the gathering-ground of the outlying hills, 
but the supply from that source could not be increased. 

The neighbouring township of Altham gave positive indi- 
cations of a vast supply of water, continuous at all seasons of 
the year, and of excellent potable quality. 

In the Memoirs of the Geological Survey^ of that district. Prof. 
Edward Hull, guided by the difficulties in attempting to work 
one of the coal-seams from the outcrop, and by his knowledge 
of the geology of the locality, spoke of the obstacles that would 
have to be encountered in sinking to the deeper-lying coal-seams 
owing to the presence of water. This opinion was verified fully 
at the sinking of the Calder pit by Messrs. George Hargreaves 
and Company, who had to contend for a number of years against 
two very heavy feeders of water in the shaft sunk about 150 feet 
north of the site of the Altham pumping-station. The first of 

• "The Geology of the Burnley Coal-field and of the Country around 
Clitheroe, Blackburn, Preston, Chorley, HasUneden and Todmorden," Memoirs 
of the Geological isxtrvey of England and Walex^hy Messrs. Edward Hull, J. R. 
Dakyns, R. H. Tiddeman, J. C. Ward, W. Gunn and C. £. de Ranee, with 
a Table of FossIIb by Mr. R. Etheridge, 1875, page 74. 
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these heavy feeders came from a compact bed of sandstone, lying 
90 feet beneath the surface, and 30 feet below the position of the 
Arley Mine, which had been worked out in this neighbourhood 
many years before. 

The Altham pumping-station lies nearly at the bottom of an 
extensive synclinal fold,* the edges of the porous rocks of which, 
outcropping north and south, rapidly absorb the rainfall; the 
overflow, when the water is not drawn upon, gravitates into the 
river Calder. 

It was decided to sink a well 15 feet in diameter into the 
" Blue Clay," and tub it with cast-iron plates, and then to bore 
two holes to the bottom of the water-bearing rock, a depth 
of nearly 180 feet from the surface. As will be seen by the 
section (fig. 1, plate xvii.), the ground sunk and bored through 
consists of a series of running-sand, gravel, clay, and boulders. 

For winding out the sinking-stufE, a temporary headgear and 
a pair of engines, with cylinders 9 inches in diameter, were sup- 
ported on pitchpine baulks, carried upon brick cross-pillars, 
so as to enable the tubbing to be raised a little above the original 
level of the surface. The baulks were so placed as to allow the 
guide-tubes of the bore-holes to be centred from them by lines 
hanging down the sides of the baulks. The well was centred 
by placing, before the circle was struck, two points on each of 
the four sides, from which the true centre could be checked 
at any time, and which was transferred to a cross-beam bound- 
ing the movement of the banking- wagon, when this was fixed. 

The Sinking. — The ground was excavated to a diameter of 
18 feet, and the first 5| feet, consisting mostly of loamy sand, 
was readily got out. At a depth of 8 feet, water was met 
with in the sump-hole leading in the centre of the shaft. At 
this point the sides were supported, from the top downward, 
with skeleton rings and battens. The rings of wrought-iron 
were 3 inches deep and IJ inches thick, there being eight seg- 
ments to the circle, connected together by overlapping joints, 
with five holes in each end for regulating to the exact size 
required. These were placed every 3 feet apart. The battens 
wiere 1\ inches thick and 8 inches broad, and usually overlapped 
vertically by 8 inches. These iron rings are, as a rule, only 
1 inch thick, but, in this case, the greater thickness was chosen 
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under the expectation of some heaTy work in driving forward the 
battens at the back of the rings, which expectation was fully 
verified, and thus rendered a stiff ring very necessary. 

The first of these rings was suspended by hangers from eight 
planks, 3 inches thick and 10 inches broad, placed, as shown in 
fig. 3 (plate xvii.), upon the original surface, the first four being 
sunk in the ground at four equidistant points, to the extent of 
their own thickness tangential to the circle of the ground got out. 
The other four planks lay evenly upon the first four, and the 
ground between them, tangential to points of the same circle, 
midway between the others. Very little weight could come upon 
the planks when the other supports were fixed tightly. The bat- 
tens were forced well against the sides of the pit by wedges of hard 
wood, 2 or 3 inches thick at the head, driven between them and the 
wrought-iron rings. Where the ground was of a loose and run- 
ning nature, it was found necessary at periods to play upon 
the top of the wedges to keep the battens perfectly tight. 

After the ground had been cleared out to a depth of 8 feet, 
a pulsometer pump was put in to deal with the water that 
rapidly drained into the pit through the sandy ground. The 
quantity of water increased as the sinking proceeded, and before 
long some of the beds of sand commenced to woik like barm, 
and in other cases squirted through the joints of the battens. 
This was quickly stopped by caulking those joints with hemp ; 
and it was very seldom that the water or sand broke out a 
second time in the same place. At times the sand was so loose 
and fluid in the pit-bottom that the sinkers had to stand on 
broad planks crossed at the ends upon others, even though the 
battens were driven as much as 2 feet in advance of and below the 
ground that was being removed. A hole,^4 feet square, closely 
timbered by means of li-inch boards, was kept in advance, near 
the centre of the pit, for the pump to draw from. 

For the convenience of supervision, the whole of the work 
connected with the sinking was carried on with single shifts 
of about 10 hours per day; but it was necessary to keep the 
pump continually going, not only to be ready for the next 
shift, but because the water, if allowed to rise into the ground 
that had been already drained, caused a further disturbance 
when once again lowered. It may be mentioned that, in lining 
up the shaft with brickwork later on, after the bottom of 
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the well had been reaxjhed, even what had beei 
ground, and a source of great trouble during sini 
stood during the withdrawal of the battens, and di 
slightest inconvenience; but here and there, ^ 
had been purest, there were hollow places extend 
horizontally. These were puddled up with loam] 
rammed afterwards. 

This method of work proceeded without hind 
Blue Clay was reached, where a water-garland ^ 
depth of 23| feet, to enable the lower work to be p 
ring was 9 inches broad, with sheet-iron shroi 
high, and was at first supported on flat wrought-i 
long, driven into the clay ; but, owing to the water 
the failure of the pump, and the clay being of r 
nature, the ring became damaged on the weal 
shaft, and afterwards was supported by iron han 
from the lowest iron skeleton ring. 

The bed of the tubbing-curb was prepared o 
of concrete, 3 feet thick vertically and 3 feet b 
out a little further at the bottom, and brought 
of the position of the curb, being made level witl 
same and reinforced at this point, with one of th 
skeleton rings bedded in the concrete. Before tl 
built, a lining of brickwork, 9 inches thick, set in 
was put in to form a solid backing ; and to enable 
set beneath and around the position of the wedgir 
the latter might be effectually wedged without dela 
of the concrete, the bottom of the brickworkwas set 
in fig. 2 (plate xvii.), and gradually brought into tt 
leaving here a clear space of 2 inches between the 
the position of the flanges of the tubbing-plates. A 
work had been brought up to within two courses 
ring, four short lengths of 2-inch wrought-iron pi 
horizontally at equidistant points in the brickwc 
wards vertical pipes were connected to them and c 
at the back of the brickwork, which pipes were 
with |-inch holes, 3 inches apart, in order to drain 
thus remove any pressure at the back until tl 
set. The brickwork was backed with small brq 
rammed. 
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This operation having been, finished, the tubbing-curb was 
put together on the bed prepared for it ; sheeting of yellow-pine, 
|-inch thick, and cut to the section of the curb, was placed 
between each segment ; and ^* glutting," 2 inches thick, also of 
yellow-pine, with the grain of the wood placed vertically, just 
filled up the space at the back of the curb. Wedging was then 
commenced, and the curb was wedged tight in five shifts, six 
men working in each shift. In the process of wedging, at first 
yellow-pine wedges were employed and continued to be used 
so long as they could be got in without breaking ; and these were 
followed by pitchpine wedges, until even the steel chisel could 
not be made to enter. Before placing the first ring of tubbing- 
plates, it was necessary to brick up with a single brick in each 
case from the walling, set further back at this point, for the 
purpose before mentioned, to within 2 inches of the position of 
each pair of vertical flanges, so as to enable this ring of plates to be 
securely and truly fixed in the usual manner by spear- wedges 
driven into position with the utmost force. These wedges, applied 
in pairs, and ** wedded " as shown in fig. 2 (plate xvii.), were of 
pitchpine, 2 feet long, 4 inches broad, and from 1^ to 2 inches 
thick at the head. 

Between all the joints, both vertical and horizontal, yellow- 
pine sheathing, J inch thick, was placed, the grain of the wood 
in each case running in the direction of the subsequent wedging. 
The whole of the plates were thus built up, each ring made 
even, plumb, and tight, and the space behind closely filled with 
small broken stone, so as to afford a solid backing and yet allow the 
water to escape and run without resistance through the central 
holes in the plates into the sump. 

The tubbing was anchored at the top by building into the 
walling at the back two plates to each segment of the curb 
at a distance of 5 feet below the finished top of the tubbing. 
Through each hole in the end of these holding-down plates, 
immediately at the back of the flanges of the tubbing-plates, a 
bolt, 1* inches in diameter and 5 feet 2 inches long, was passed, 
and the upper ends of the bolt* passed through holes prepared 
in the holding-down curb. This curb was surrounded by two 
of the skeleton rintrs used for the temporary support of the sides, 
the rings K^ng placed one on the top of the other, and embedded 
in and surrounded with 2 ''eet of concrete. The wedg^ing of the 
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top three rings of plates and the curb was left unti 
to allow of the concrete setting. 

The wedging began at the bottom, and the vert: i 
almost completed before the horizontal joints ti i 
practice not always observed — but the object air i 
method was the prevention of the lifting of the ; 
forcing them well against the sides and thus 
thickening of the lower horizontal joints at the i 
upper horizontal joints ; otherwise, it might have l ; 
get a chisel in and to make the joint watertight, 1 1 
there would have been serious risk of fracture of tl i 

As a rule, the tubbing was twice wedged wi 
wedges and then twice wedged with pitchpine we< 
of comparison, pitchpine wedging alone was tried 
places, no wedges of yellow-pine being used a 
points ; but, in such places, a greater difficulty wi i 
in finally stopping the percolation of water throug ! 

Almost the whole of the wedges used wen 
machine-sawn pieces, pointed with a dogger's knifi 
and entirely hand-shaped wedge is undoubtedly 
the two for driving, but is not considered worth 
pense, the cost of making them being fully thi 
of the sawn wedge; and there is very little difPe 
between the waste of timber arising from extra 
sawn wedges, and that incurred in the operation oi 
making the other kind. It may be pointed oi 
care was taken to use only seasoned timber of the 
straight-grained, and free from knots and defects. 

In the bottom of the well, cast-iron guide-pipe; 
holes, of 4 feet inside diameter, were fixed on tl 
their centres being 8 feet apart, and were surroi 
depth of 4 feet of concrete. The Blue Clay was i 
a little water, and to meet this, and to enable tl 
be got into position and to set, without being intei 
the water, the two cast-iron guide-pipes were conni 
at the bottom with a 3-inch pipe, the pump keep 
down " on the snore " in one of the 4-foot pipes, 
drains were also arranged at the bottom leading 
tubes, so that the water coming from every direci 
successfully dealt with. 



300 SINKING ANB TIJBBING ▲ WELL. [Maj, 1908. 

The Boring. — Before starting to bore inside the 4-foot in 
diameter guide-pipes, steel lining-tubes were lowered to the 
bottom of the hole, and these were kept well driven forward 
as the boring proceeded through the alluvial drift. These tubes 
were 44 inches in diameter and \ inch thick, formed of two 
plates, each J inch thick; and were in lengths of 4 feet, ea^h 
plate forming a complete ring of itself, being butt-jointed, and 
placed horizontally quarter-circle on with its companion plate, 
and overlapping 1 foot vertically for riveting the lengths together. 

The American method of boring was adopted, which appears 
to be the most rapid, and ensures a very true and straight hole. 
The derrick, built of 2-inch planks, 8 inches broad, was about 
60 feet high. The boring-tool first employed consisted of a 
wrought-iron head, 40 inches in diameter and 9 inches deep, 
studded with twenty-six cutters attached to a boring-bar, 15 feet 
long and 5 inches in diamete!r; the whole weighing about 2 
tons, suspended and worked from a manilla rope 10 inches in 
circumference. 

The percussive motion was imparted to the tool by con- 
necting one end of a '' walking-beam " to an engine-driven crank, 
and the other end of the beam to the boring-rope; the inter- 
mediate connection of the latter being a strong stirrup and temper- 
screw, for gradually lowering the tool as it cut its way into 
the strata, with cross-head attached, and a clamp for gripping 
the boring-rope. The stirrup was attached to the walking-beam 
by means of a strong chain, and the rope-clamp was connected 
to the lower end of the temper-screw by two large loose rings. 
About a dozen yards of rope were paid out from the reel, and 
one of the operators with a lever, which wa« readily attached 
to the boring-rope by means of a doubled piece of rope twisted 
round it, walked round and round in a backwards-and-forwards 
direction, and thus imparted a steady rotary motion to the 
cutting-tool. 

From one spot on the boring-stage the chargeman could start 
the engine or reverse it; could throw the drum containing the 
sludger-rope into or out of gear, or apply a brake to the same; 
and could bring the reel containing the boring-rope into gear 
with the engine, as required, to lower or withdraw the boring- 
tool. 

Actual boring operations commenced on June 4th, 1907, in 
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clay and stone at a depth of 39 feet from the bo 
workinjif single shifts of 12 hours a day, the alluv 
through on June 26th at a depth of 68J feet : 
datum-level. The Boulder-clay presented ma 
The Arley Mine, which was thought to be too n< 
to be workable, was expected to be reached at a d 
but the seam had been worked out ; and the shale a 
this operation, bored unevenly and slowly. The 
tubes was driven tightly down to a depth of 88 f( 
a smaller boring-tool was used, and the bore-hole • 
a depth of 121 feet before a further set of steel tul 
T^hen the hole was continued to a depth of 124J 
derpth the top of the water-bearing rock was reac 
14th, 1907, and the 40-inch steel tubes were 
down into it. On August 19th, 1907, in ore 
matters, a second shift was started, and on 
the black shale at the bottom of the water-be4 
found at a depth of 173^ feet, the bore-hole beii 
depth of 174 feet. 

After thoroughly sludging the hole, 6 hu] 
cement was lowered in a specially-prepared bag, 
flattened out upon the bottom, to receive the risi 
pumps After this cement had been allowed to 
bearing rock wag lined with steel tubes, 36 inc 
diameter and f-inch thick, formed in the same 
others, and perforated with holes | inch in dial 
inches pitch, so as to allow free entry of the wate 
and yet to prevent detached pieces of rock from f 
pipe-column and making difficult the withdrawal < 
case of need. 

The second bore-hole was put down and finish 
manner. 

Engines are being put in at the present time ca 
li million gallons of water per day under a total h 
It is expected that the feeder will average 1 mill 
day if exhausted to a minimum, which event, h 
occur with certainly less than a year's continu 
the maximum speed of the engines employed. 
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On the motion of Mr. O. B. Harsison (H.M. Inspector of 
Mines, Swinton), seconded by the Honorary Secretary (Mr. 
Sydney A. Smith, Manchester), the thanks of the meeting were 
accorded to Mr. Millward for his paper. 

The President (Mr. John Ashworth) remarked that this was 
one of those practical papers that the Society was always glad 
to receive, and he was sure that they would be very pleased to 
have a discussion upon it. * 

Mr. A. S. MnxwAKD (Accrington), in reply to Mr. (^Iharles 
Pilkington, said that the thickness of the tubbing-plates was 
} inch ; and they had three vertical and three horizontal ribs ; he 
was of opinion that more depended upon the strength of the 
ribs of tubbing-plates than'on the thickness of the plates. 

The HoNO&ABY Secretaby (Mr. Sydney A. Smith, Man- 
chester) said that he would like to ask a question on the following 
statement in the paper, namely, that " the wedging began at 
the bottom, and the vertical joints were almost completed before 
the horizontal joints were started "... in order to prevent " the 
lifting of the plates, by first forcing them well against the sides 
and thus avoiding the thickening of the lower horizontal joints, 
etc."* Did that mean that the wedges were put in from the in- 
side, in order to swell out the tubbing to fit the shaft ? Would it 
not have been very much better to have wedged the tubbing out- 
side between it and the strata or side of the shaft, and fix tight the 
segments in correct position, and then wedge the joints? The 
method of wedging described must have disturbed the tubbing 
to a considerable extent. 

Mr. A. E. Millward said that the first process in building up 
the plates was to make them as tight as possible. The spear- 
wedges fixing them must be driven to the utmost extent with 
heavy hammers. 

Mr. Sydney A. Smith said that this fact was not stated 

in the paper. It appeared from the description given that 

the joints were wedged from the inside, in order to swell out 

the tubbing to fit the shaft, and that the vertical joints were 

• Trails, Inst. M. K, 190S, toL xxxt., page 405 ; and Trans. M. O. M, S., 
1906, YoLxxx., page 299. 
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completed before the horizontal joints were ' 
(Mr. Smith) was of opinion that Mr. Millwan 
wedged the tubbing* first of all on the outside, a 
position that when he came to wedge inside to 
water-tight it would not have disturbed the tu 

Mr. A. E. MiLLWAKD said that the pressure 
wedging was exceedingly great. An acquaint 
said : " We had such a job when we came to ^ 
horizontal joints; we could hardly get the chii 
case, not having the holding-down curb sufi 
anchored, he could not risk any lifting of the plai 
that it was inadvisable to wedge alternately vertic 
joints, and so he had every vertical joint wedg 
possible before proceeding with the horizontal j 

Mr. Sydney A. Smith said that the point ^ 
to make clear was this: — ^Mr. Millward had 
vertical joints were wedged first of all, the 
being the prevention of the lifting of the plates 
them well against the sides. His (Mr. Smith'; 
Mr. Millward ought to have wedged the ring 
tight in the shaft^ — ^from the back — that the wi 
inside would only be to make the joints water 

Mr. A. E. Millward did not think that tha 
He did not think that one could wedge the tubbiu 
at the back without the subsequent wedging i 
plates. The plates did not stir to any obvious 
vertical and horizontal joints were wedged from 
the tubbing was now perfectly water-tight. 

In reply to the President, Mr. Millward s 
was a very good supply of water, and there ha 
as 60,000 gallons an hour flowing about a for 
occurrence of heavy rain-storms. The pumps 
were a pair of buckets, 18 inches in diameter. 
The engines were of a local make, and the pressi 
under steam was 150 pounds per square inch, 
very free from sand, and a little hard. 

Mr. Joseph Dickinson (Pendleton) said that 
that " between all the joints, both vertical and ho 
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pine sheathing, | inch thick, was placed, the grain of the wood in 
each case running in the direction of the subsequent wedging/'* 
As to the grain of the wood, he had heard some difference of 
opinion expressed as to what waa the best way of placing sheath- 
ing between the tubbing. Which grain did the writer mean ? 

Mr. A. E. MiLLWARD said that he meant the vertical grain. 
He did not think that any other grain would matter, so long as the 
grain was in such a direction that it would easily cleave and take 
the wedges. That was the only point to notice, for unless that 
were done the wedges could not be driven in. 

Mr. WilllAlM Pickstone (Kersal) enquired whether the rain- 
fall very rapidly found its way to the hole. 

Mr. A. E>. MiLLWAKD replied, moderately so. Boughly speak- 
ing, it took about a fortnight to get through. He had a similar 
experience when engaged at a neighbouring sinking. In about 
a fortnight after a continuous rain-storm they would find the 
water increasing while the pumps were doing their usual work. 

Mr. A. E. Mtllward, in reply to Mr. Dickinson, said that he 
did not think that workings in the Mountain Mine (900 feet 
below) would disturb the water, as there were several thick layers 
of shale that were bound to keep back the water in its native 
rock. His experience of other workings gave him assurance 
that there was no danger to be feared of the water going. If 
it did, they would have to stop the workings, as they would not 
be able to pump the water. 

In answer to further questions, Mr. Millward said that there 
was no impervious cover on the water-bearing rocks ; water 
flowed in a continuous stream from an old pit-shaft about | mile 
from the bore-holes. There was no Boulder-clay there, the 
Boulder-clay through which they had to sink ran from about 300 
to 600 feet on either side of the river Calder, the ancient river- 
bed. In places, there was nothing but the soil on the top of the 
water-bearing rock. They got varying layers of strata at the 
surface. 

* Trana, Iiist. M. E,^ 1908, voL xxxv., page 404 ; «ad TVotw. M. Q. M. 8., 
1908, vol. XXX., page 298. 
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Mr. Sydney A. Smith asked what was the total area of 
the gathering-ground from which the water flowed to the bore- 
hole. 

Mr. A. E. MiLLWARD replied that, speaking roughly, it would 
not be more than 5 or G square miles ; and on either side there 
were hills that must bring down water, and when the ground was 
well drained a great quantity of this must also be absorbed. 
There was a large layer of sandstone rock that would rapidly take 
the whole of the overflow of water ; he simply took the ground 
over the rocks which could be measured in many ways. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINAftY MEETING, 

Hbld in the Roomb of the Society, Queen's Chambebs, 

5, John Dalton Street, Manchester, 

June 16th, 1908. 



Mb. JOHN ASH WORTH, President, in the Chair. 



The following gentlemen were elected, having been previously 
nominated : — 

Members— 
Mr. John William Jobling, Mining Engineer, Clifton Colliery, Burnley. 
Mr. Arthur Moore Labib, Mining Engineer, Eskdale, Birkdale, near 

Southport. 
Mr. Joseph Crbsswell Roscamp, H.M. AssiBtant Inspector of Mines, 

Prestwich, Manchester. 
Mr. Frank G. L. Saint, Colliery Manager, Glen Tarn, Hindley Green, near 

Wigan. 



The following paper by Mr. A. Ghose on " The Mode of 
Occurrence of Manganite in the Manganese-ore Deposits of the 
Sandur State, Bellary, Madras, India," was read in his 
absence : — 



Vol. rrx.] MODE OF OCCURRENCE OF MANGANITE. 807 



THE MODE OF OCCURRENCE OF MANGANITE IN THE 
MANGANESE-ORE DEPOSITS OF THE SANDUR 
STATE, BELLARY, MADRAS, INDIA. 



By a. GHOSE, F.C.S. 



The deposits of manganese-ore found by the writer in the 
hill-rang-es of the Sandiir State, Madras Presidency, India, are 
not only remarkable for the extraordinary development of the 
is general in the series of deposits, and their mode of occurrence 
of some minerals of manganese in finely crystallized forms. Of 
these, manganite, which is comparatively rare in other parts of 
India, is so frequently met with in the manganese-ore deposits 
situated on the Sandur Hills, that no deposit is known in that 
area where it has not been observed. Although the crystals of 
manganite are not always found in the state of development 
which is noticeable in some specimens, yet their distribution 
is general in the series of deposits, and their mode of occurrence 
is identical with rare exceptions. They are invariably found 
lining cavities or infilling narrow fissures formed in the beds 
of the ore, either consisting of , psilomelane or of psilomelane 
and wadj and more rarely of an intimate mixture of psilomelane 
and braunite. A typical specimen of manganite from the 
Ramandrug mine, which was the first to be identified, has been 
<lescribed by Mr. L. L. Fermor,* Deputy Superintendent of the 
Geological Sur^'^ey of India. 

The cavities a.ssume various irregular shapes, and are 
frequently angular and very rarely ellipsoidal. They vary in 
size from the fraction of an inch to a few inches across. Their 
presence inside the ore-mass cannot always be detected by exam- 
ination of the outward appearance of the ore, and geodes lined 
with crystals have been found inside solid-looking ore, 
although their occurrence is more frequent in ore which shows 
an apparently brecciated structure. Sometimes the exterior 
surface of the ore-mass containing the geodal cavities shows a 

• Recorda of the Oeoiogical Surrey of Indian 1906, vol. xxxiii., pages 229-232. 
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peculiar ** pitted " structure, resembling^ " thumb-marks." Tbese 
depressions were caused by the removal of crusts concentrically 
deposited in hollows. The drusy cavities, in rare instances, 
have been found immediately on fracture to contain minute 
traces of a liquid which has hitherto afforded no opportunity 
for an examination. Where the concentric lining of the cavity 
consists of compact psilomelane without any capillary fissures, 
the acicular crystals of manganite are found to retain a shim- 
mering brilliancy almost approaching irridescence. On the other 




Fio. 1.— Ramandruo Mink, showing Main Working and Ore-stacks. 



hand, subsequent infiltration, in the absence of a strongly 
coherent envelope, has left the crystals with ferruginous or 
siliceous encrustations. 

The mass of ore containing the cavity frequently shows 
numerous ramifications of compact psilomelane filling narrow 
fissures, which, crossing each other, give a brecciated appearance 
to the ore. The inside of the cavity is lined with concentric 
layers of compact fine-grained psilomelane showing successive 
deposition, which is sometimes marked by a thin separating 
ferruginous film due to subsequent percolation or deposition 
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of suspended impurities. Delicate needle-like pi 
of manganite grouped in bundles, and sometim 
pendicularly to the walls of the cavity , showing bru 
tions and more frequently exhibiting radiated fi 
project towards the central druse. The comp 
and the crystals of manganite are symmetrical 
Pseudomorphous crystals of pyrolusite exactly i 
acicular form of manganite are very frequent] 
the cavities, and are probably the alteration- 
dehydration of original crystals of manganite. It 
in many cases the crystals of manganite have ui 
tion, and are no longer true manganite. In s( 
fissures alternate deposition of compact psiloui 
crystalline mineral with silvery lustre (probal 
has been noticed. The layer of this hitherto unid 
is covered by another crust of compact psilom( 
surface of which crystals of manganite spring 
metric succession of minerals is an evidence of 
pitation, and the oldest crust always rests directly 
ore. 

Of the various hypotheses propounded from 
account for the origin of the manganese ore-- 
Sandur State, two theories appear to be based oi 
sound deductions. One of these advocates a ci 
sedimentary origin, and the other maintains tb 
are essentially the result of replacement of the c 
rock by mineralizing solutions. On the assuu 
ore-deposits are of contemporaneous origin witl 
Dharwar rocks, it is admissible to suppose that tl 
of later origin, and were formed and filled up su 
folding and uplifting of the ore-beds. Whether t 
of the fissures and the formation of the cavities, t 
of psilomelane, and the crystallization of m 
the resultants of uprising magmatic waters 
igneous intrusions is problematical. The present 
mangan-magnetite, and specularite in the ore appe 
support to such a theory. On the other hand, that i 

* A new manganese-mineral, discovered by Mr. L. L. 
F.G.8., and described by him in his paper on ** Manganese in ] 
qfthe Alining and Geological InstittUe of India, 1906, vol. i., pa 
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formed and the manganese-minerals were deposited by ascending 
and descending solutions is easily inferred. The immense stress 
to which the rock-formation in the Sandur area was subjected 
!n the pre-Cambrian Era (which resulted in the strata being 
compressed and uplifted locally into great synclinal folds), 
and the intrusion of the younger granites (which are exposed 
in the surrounding regions by the denudation of the overlying 




Fig. 2.— Portion op Main Bed at Ramanduuo Mink. 

Dharwars), crumpled the rocks and produced numerous narrow 
fissures and tension-joints which are so conspicuous in the Sandur 
ore-beds. Circulating waters produced ejilargement of these 
fissures by solution of the more soluble portion of the walls, the 
effect being greatest where the channels crossed parts of the 
deposit containing lenticles of wad formed in the original ore- 
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sediment during deposition, which were parti; 
moved, leaving cavities of proportionate dimei 
containing varying proportions of manganese v 
On relief of pressure and temperature in the u 
deposit, a portion of the manganese in the si 
was precipitated on the walls of the cavities 
psilomelane of compact texture. The fissures 
came plugged by the gradual deposition of 
further circulation was obstructed, and 
manganese-charged solution, being confined wi 
deposited crystals of mauganite on the walls 
defined fine structure of the crystals of ma] 
indicates periods of quiescence of the mangau 
tion, which facilitated slow crystallization. 

To reconcile the hypothesis according to 
deposits have been formed by the replacemen 
rock by manganese-bearing solutions derived f 
rocks, the origin of the cavities may be expla 
assumption of pre-existing fissures. The orij 
bearing rock of sedimentary origin contained 
erals as mechanically-deposited disseminations 
rock-mass. The manganese or the manganiferc 
not evenly distributed throughout the mass, i 
there was considerable variation in the saturatic 
ing waters which carried away the manganes 
the degree of concentration depended on the lea 
or barren portions of the rock. The manganifer 
deposited its burden in another part of the rock 
the mineralizing solution was not always of u 
it may be inferred that there was considerable : 
rate of dissolution of rock and deposition of i 
which took place simultaneously. At times, the i 
a quantity of mineral equal to the amount of 
undergoing replacement, dissolved and carried i 
the supply of the manganese-mineral held in sc 
there was a corresponding diminution in the pr 
ore, which was unable to fill up the space create 
of the rock by dissolution. Thus, when diss 
precipitation, the inability of the mineral-bej 
deposit the ore in sufficient quantity to fill i 



dis!>olutioii resulted in the formation of narrow open spaces and 
cavities, which mark periods of cessation or interruption of the 
process of depot^ition. These spaces of dissolution subsequently 
served as loci for the deposition of compact psilomelane and 
mani^nite. 

Fig. 1 is a view of the Bamandrug mine, where geodes lined 
with manganite are abundant, showing the main working and 
ore-stacks at a distance. The protruding mass cresting the hill 
on the, left of the view is entirely composed of manganese-ore. 
The light railway conveys the ore to the loading station of the 




Fig. 3. — Portion of a Geodb op Psilomkijlkb fbom ths RAJiAyDKUO 
Deposit, oontauiing crtstals of MANOAirm. 



aerial tramway (2,6(K) feet long) which connects the deposits, 
situated at a height of 3,150 feet above the sea-level, with the 
railway-terminus in the plain. 

Fig. 2 is a view of a portion of the main bed at Ramandrug. 
The ore-body originally formed a fine cliff 30 feet high, extend- 
ing over 400 feet in length. With the progress of mining opera- 
tions, it has been exposed to a further depth of over 20 feet, and 
forms a conspicuous deposit, showing bedded structure. This is 
one of the numerous extensive manganese-ore deposits (number- 
ing over sixty) found in the Sandur State. 
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Fig. 3 is a portion of a geode of psilomelane from the Raman- 
drug deposit, containing fine, fibrous, divergent crystals of 
manganite. 



On the motion of Mr. J. S. Burrows (Atherton), the thanks 
of the meeting were tendered to Mr. Ghose for his paper, the 
motion being seconded by the Honorary Secretary (Mr. Sydney 
A. Smith), who said that the paper was a most interesting one, 
dealing, as it did, with one of the less common minerals. 



The following paper, by Mr. Leonard R. Fletcher, was 
read, on " The Patent Keps under the Cages at Chanters Pit, 
Atherton Collieries " : — 
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THE PATENT KEPS UNDER THE CAGES AT CHANTERS 
PIT, ATHERTON COLLIERIES. 

By LEONARD R. FLETCHER. 

For many years the ordinary fanpp-keps, with which all colliery- 
managers and engineers are more or less familiar, were in use 
at Chanters No. 1 pit. A few years ago, however, the attention 
of the management was called to the various forms of improved 
keps on the market; and, after consideration, it was decided to 
give a trial at this pit to the Beiens mechanical kep-arrangement. 
The chief advantages claimed for these keps are: — 

(1) The allowing of the withdrawal of the keps from under 
the cage with the full load of the cage upon them, so that the 
engineman has no need to reverse his engines for banking 
purposes. 

(2) A consequent saving of labour to the engineman in 
manipulating the winding-engines. 

(3) A consequent saving of time and steam. 

(4) A consequent reduction of wear-and-tear on the winding- 
appliances. 

After three years' experience with a set of these keps at this 
pit the writer can say with confidence that these claims have 
been justified in actual practice. 

Fig. 1 (plate xxxii.)* shows the general arrangement of the 
keps; whilst figs. 2 and 3 show the construction of one catch 
with casing, Z?, twin-lever, C, and shaft, Z>, and the three different 
positions, /", A, and g, which the catch takes up when brought into 
action. 

The essential parts of the keps are : — A, the supporting bar 
on which the cage rests ; B, the casing ; and C, the twin or forked 
lever (fig's. 2 and 3). 

The twin-lever, C, is keyed on the same shaft, D, as the banks- 
man's lever, and makes with it a circular movement when operated 
♦ Tram. M, O. M. S,, vol. xxx., plate x. 
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by the banksman. The connexion of this twi 
supporting" bar, A, is effected through a pin, «, wh 
i, and is caused to move in a circular slot, c, i 
bar, whereby this bar executes a backward or fo: 

The winding-cage rests on a level surface o 
bar, A, The pressure exerted by the winding-c 
taken by the surfaces of the casing at the ] 
and e (fig. 3). Both of these surfaces form in tl 
tion a part of the circumference of two concei 
are so arranged that the pressure on the pin 
slot is reduced to a minimum. 

The supporting bar, -4, when withdrawn (fig 
only a backward, but also a downward moven 
of the concentric surfaces of the bar and the cai 
the winding-cage receives a slow downward mo\ 

In c^se it should happen that the supportiii 
be pushed forward too soon, before the winding- 
the proper height, the ascending cage will tun 
bar round the pin and push it out of the w 
ascending cage can pass freely through (fig. 3, /*). 
has passed the bar, the latter again falls into its 
by reason of its own weight, and is ready for 
on (figs. 2 and 3, A), 

For comparatively light loads these support ii 
with a broad flat surface, and the frame ol 
directly upon them ; but for heavy loads thes( 
with a sloping face, and a counter-shoe with 
face is riveted firmly on the underframe of 
Chanters pit these bars have the flat face, but f<] 
a shoe with a flat fa<?e is riveted on the cage, 
works in a notched quadrant, and is easily mai 
banksman. The makers of these keps claim thj 
suitable than any others for heavy loads, and 
already been made for loads of 27 tons, and ai 
satisfactorily. 

Since these patent keps have been put in at 
pit, three-deck cages have been substituted f 
cages formerly in use, and the advantage gain^ 
these keps has been most pronounced. Apart 
of time, labour, and steam, there is, of com 
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accidents' from overwinding due to the engineman starting the 
wrong way. As soon as the cage is resting on the catches, the 
reversing lever can be moved over ready for the next winding, 
the keps being withdrawn from under each deck of the cage 
without any help from the engineman. Thus one source of 
accidents due to overwinding is minimized, and the winding- 
engineman is relieved of much unnecessary work and worry. 
Objection is sometimes raised to the catches from the mistaken 
theory that slack chain may be resting on the cage, which will 
suffer a severe shock and strain when these keps are withdrawn. 
As a matter of fact, this can never happen in actual practice, 
as the weight of the opposite cage-rope hanging in the pit will 
instantly take up any slack rope or chain that there may be when 
the top cage comes to rest upon the keps. 

In conclusion, the author would say that this short paper is not 
written with the object of raising the question whether or not 
keps should be used under pit-cages when winding coal or men, 
but to bring before the members an ingenious and simple 
contrivance which has all the advant4]ges and none of the dis- 
advantages of the old form of fang-keps. 



Mr. John Gerrard (H.M. Inspector of Mines, Worsley) 
proposed a vote of thanks to Mr. Leonard B. Fletcher for his 
admirable paper, which was seconded by Mr. W. Scott Barrett 
(Liverpool). 

The resolution was passed. 

Mr. L. R. Fletcher (Atberton) thanked the members for 
their vote. 



Mr. T. H. Wordsworth read the following paper on " The 
Lee Safety-appliance for Cages " : — 
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THE LEE SAFETY-APPLIANCE FOR 



By T. H. WORDSWORTH. 



The following is a description of an applian 
vented to prevent a cage from falling to the bottc 
in the case of a winding-rope breaking where wire-: 
are in use. 

The principle of the invention is a cam to gri 
ductors, actuated in the first instance by springs, i 
weight of the cage. The chains which keep these 
action during the winding would also act as safety 
of any of the four comer-chains breaking. 

Figs. 1 and 2 (plate xxxiii.)* are side and end 
double-decked colliery cage fitted with the applianc 
4 are enlarged views of the gripping device. 

Ecush side of the cage, a, is fitted with a vert 
upper ends of the bars being connected together bj 
and to the cage suspension-chains, df, which in ti 
to the winding-rope. 

The bottom ends of each bar are secured to a 
under the cage-bottom, /", and two or more coile( 
are disposed between the bar^ e, and the cage-b 
right angles to each veiiiical bar, &, is a horizonta 
slides freely in a vertical direction in suitable guic 
% connected to the cage, a. The guides, t, ai 
clearly in the end view (fig. 5, plate xxxiii.),* anc 
plates, 1,1, spaced apart to receive the horizontal ba 
of the horizontal bars, A, are extended around ai 
side-conductors or guide-ropes, y, of the cage, foi 
for the guide-ropes. This is more clearly shown 
plan (fig. 4, plate xxxiii.).* The side bars, 6, are 
bent portion, 6^, as shown in the side view in fig. 
to each vertical side-bar, h. At this point are a 
levers, £, the outer ends of which are also pivoted ti 
bars, A, at A^, the cranked ends, £^, of the levers, k^ 
* Trans. Jf. G. M. S., yoI. xxx., plate xL 
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within the trough. The levers, h, are loosely pivoted to brake- 
shoes, m, so formed in conjunction with the troughs on the ends 
of the horizontal bars, h, that as when the levers, A, are pulled 
downwards with the vertical bars, h, the levers, h, turn on. their 
fulci-a, and, by means of the brake-shoes, securely grip the 
conducting ropes, j. 

The action of the apparatus is as follows; — ^When the cage 
is in use, the weight of the cage is transmitted through the middle 
suspension-chains to the vertical side-bars, 6, which are raised, 
and thus compress the springs, ^, g, interposed between the bottom 
cross-bar, e, and the cage-bottom, /". The angle-levers, i, are 
also lifted centrally, removing the brake-shoes, m, from contact 
with the guide-ropes, j, the cage running freely on the guide- 
ropes. In case of breakage of the winding-rope, the lifting sti-ain 
on the vertical bars, 6, will be released and, the compressed 
springs, g, will lorce the bars, 6, downwards. The angle-levers 
are thus turned on their fulcra, as shown in dotted lines in fig. 1, 
(plate xxxiii.),*aud the brake-shoes, w, brought into action to grip 
the guide-ropes, j, thus securely binding the horizontal bars, A, 
and the angle-levers, k, to the guide-ropes, and immediately 
arresting their descent. 

Xhe descending cage compresses the springs, g, until the whole 
weight of the cage, acting through &, is brought to bear upon the 
angle-levers, k, and exerts such a powerful gripping action upon 
the guide-ropes, jy that the fall of tlfe cage is arrested. 

Latches or detents, /t, are pivoted to one of the guide-plates, U 
to act as abutments to prevent the premature lifting of the hori- 
zontal bars, //, the latches being removed by a stop, o, attached 
to the pivoted angle-levers, A, when the apparatus comes into 
action, a,s will bo seen from fig. 5 (plate xxxiii.).* 

The writer does not suggest that this appliance is absolutely 
perfect, in case the roi>e should bre^ik on the empty side when 
the cage is going down during a fast wind: as it is doubtful 
whether rope conductors would under that condition be 
capable of withstanding the strain. But, even under such con- 
ditions, the damage to property would be no greater thiui if the 
appliance were not in use. In all cases of the full-side rope 
breaking the appliance would hold the cage. There are also 
many instances on record of overwinding where, when the 
detaching-hook has acted properly, the chains, bell, or some other 
• Tram, M. O, M, S., vol. xxx., plate xi. 
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portion of the tackle has given way, and allowed the cage to 
fall to the bottom of the shaft. In such a case this appliance 
^vould hold the cage, and prevent an overwind from developing 
into a serious accident. 

An objection to catches of this nature has been that they 
come into operation when the cage is at rest on the keps, or 
at the bottom of the pit. In this arrangement, however, when 
the cage is at rest on the landing at the pit-bottom, the springs are 
kept compressed, so that the cams do not grip the conductor; 
and an amplification can be made which causes the springs to 
be compressed when the cage is at rest on the keps. 



The following " Description of a New Patent Appliance for 
arresting the descent of Cages in Shafts, in the Event of the 
Winding-Rope Breaking," by Messrs, Joseph Hindley and John 
Stoney, was read by Mr. Joseph Hindley : — 
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DESCRIPTION OF A NEW PATENT APPLIANCE FOB 
ARRESTING THE DESCENT OF CAGES IN 
SHAFTS, IN THE EVENT OF THE WINDING- 
ROPE BREAKING. 



By JOSEPH HINDLEY and JOHN STONBY. 



The appliance has for its object the arresting of a cage in 
a mine-shaft in the event of the winding-rope breaking, or becom- 
ing detached from any cause; and is shown in detail in figs. 1 
to 9 (plate xxxiv.).* In the first place, if the rope breaks a con- 
siderable distance above the cap, the lower part of the n^>e 
must receive an acceleration downwards relative to the cage. 
The springs, a (fig. 1), have sufficient tension to pull the rope 
down even in an extreme case (that is, the longest length of rope), 
within a reasonable time. 

The braking force is obtained by means of wedges and forked 
levers (one of each to each guide-rope). The wedge, 6 (fig, 8), 
moves in a suitable box, c (fig. 6), with the thin edge of the 
wedge uppermost. The brake is applicable to cases where two, 
three, or four guide-ropes are used, and can be applied to exist- 
ing cages, the above-mentioned boxes, e (figs. 1, 2, and 3), being 
placed in the position formerly occupied by the guides or thimbles. 
The wedge is lifted in position by means of the lever, d (figs. 
4 and 5), which is provided with a jaw-end; the latter, when 
raised, approaches the guide-rope and grips the same without 
bending it, thus giving an additional pull to the wedge. 

The braking force is dependent upon the angle of the wedge. 
The angle adopted by the authors is sufficient to cause the cage 
to stop dead, if the rope breaks on the ascent. If the descending 
cage has a considerable velocity when the rope breaks, then the 
arrest of the cage will be gradual, the braking distance being 
proportional to the speed prior to the rupture. An important 
feature of the appliance is that no parte of the brake are 
under stress (except the springs) during ordinary winding condi- 
tions. The mechanism is extremely simple, and no movable parts 
* Trans. M. G, M. S,, voL xxx., plate xiL 
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project beyond the ^ide-ropes, so that there is no liability of 
these parts coming into action through meeting any obstruction 
in the pit-shaft. The boxes (figs. 4, 5, and 6) are provided with 
guides or thimbles at both top and bottom, which are easily 
and cheaply renewed when worn. 

The face of the wedge, b (fig. 8). and the corresponding part 
of the box is grooved in semi-circular form, so that there is no 
cutting, kinking, or alteration in the shape of guide-ropes. 



Mr. George H. WiNSTAiOiEY (Manchester) said that it was 
very refreshing to find a safety-cage for which the inventor did 
not claim that it was capable of doing everything. Mr. Words- 
worth had, for the inventor, frankly admitted a doubt as to the 
action of the Lee appliance in the case of a rope breaking with a 
descending cage. That it would act in the event of a rope break- 
ing when the cage was ascending was obvious, and there were 
many such appliances that would act under these conditions. It 
was interesting to note the important circumstance in this partic- 
ular appliance, that its use would not prevent the employment of 
" decking platforms." With regard to Messrs. Hindley and 
Stoney's appliance, it was pleasing to note that the inventors 
had recognized and taken into consideration what many inventors 
of safety-cages had refused absolutely to admit, namely, the 
existence of kinetic energy, which was a tremendous force to be 
reckoned with in the case of a heavy cage descending at a high 
speed. Messrs. Hindley and Stoney had apparently recognized 
the necessity of stopping the descending cage gradually, with a 
sort of braking effect, and avoiding anything like a sudden stop. 
Any attempt to stop suddenly a rapidly moving cage was simply 
courting disaster. He moved a vote of thanks to the three 
gentlemen. 

Mr. H. Stanley Atherton (Bolton) seconded the motion, 
which was adopted. 

Mr. George H. Winstanley asked whether Mr. Hindley 
or Mr. Stoney could explain what would happen in the case 
of commencing a winding where the acceleration of speed 
was very quick. One could conceive that there would be for a 
ipoment an apparent reduction in the weight of the descending 
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cage, due to acceleration. Would the springs then come into 
operation ? He would like to be assured that this was not likely 
to happen. It was possible for the springs in some appliances to 
come into operation, on account of a temporary reduction in the 
weight of the cage. 

Mr. John Rtoxey (Manchester) said that they had made an 
indicator, and obtained diagrams from the same which showed 
the acceleration of the cage, and the tension on the winding- 
rope at any part of the pit-shaft. This appliance he exhibited 
to the members. 

Mr. Joseph Hindley (Tyldesley) exhibited diagrams shew- 
ing the different effects produced by varied conditions, which 
demonstrated that the tension on a winding-rope varied from 
half the weight of the cage upwards. This gave a factor of 
safety of 4, if the tension of the springs be equivalent to one- 
eighth of the weight of the empty cage. 

In reply to another question as to whether the greatest ten- 
sion of the winding-rope had been found by this indicator, Mr. 
Hindley said that such information would be of no service 
to them in their work, but it was possible to get it easily by a 
slight alteration in the indicator. The catches had been tested 
up to a weight of (> hundredweights. They had not been tried, 
as yet, under ordinary working conditions. 

Mr. G. H. Wixstaxley suggested that Messrs. Hindley and 
Stoney should make further experiments, and give the results 
to the Society in a future paper. He regarded the instrument 
for gauging the tension on the rope as of very great value. 

Mr. Hindley said that he and his friend would be pleased to 
read such a paper before the Society. He assured the meeting 
that the guide-ropes, which were an essential part of the safety- 
appliance, would stand the force that was likely to be thrown 
upon them at any time during action. 

Mr. John S. Burrows (Atherton) avsked what would happen 
if a large portion of the broken rope fell on the cage. He 
apprehended that the rope would wrap itself round the chains 
uud be most difficult to get away. 
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Mr. HiNDLEY replied that the rope falling 
a gradual force applied to the cage ; if it dropp< 
(which it would do or miss the cage), it would c 
tighter. 

Mr. John S. Burrows said that he had kn 
itself so much round a cage that the rope had 
in pieces. Would not 1,200 feet of rope falling 
cage in the shaft upset the safety-arrangement. 

Mr. HiNDLEY replied that it could not possi 
wedges; in fact, it would tighten them. Thej 
account the falling winding-rope in their cal 
strengths of various parts. 
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MANCHESTER GEOLOGICAL AND MINING SOCIETY. 



ORDINARY MEETING, 
Held at the Univbrsitt, Manchestbb, July 3kd, 1908. 



Prof. W. BOYD DAWKINS, Vice-Prksidbnt, in the Chair. 



The following geritlemen were elected, having been previously 
nominated : — 

Membebs — • 

Mr. Thomas Johnson, Mining Engineer, Dover Castle Hotel, Dover ; and 

P.O. Box No. 1056, Johannesburg, Transvaal, South Airica. 
Mr. Francis A. Linton, Colliery Manager, Bickershaw Lane, Bickershaw, 

near Wigan, Lancashire. 

Associate Member — 
Mr. Robert Cartwriqht, Colliery Under Manager, Strangeways Hall 
Colliery, near Wigan, Lancashire. 



Mr. Henry Hall read the following paper on *' Ignition- 
points of Wood and Coal " : — • 
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IGNITION-POINTS OF WOOD AND COAL. 



By henry hall. I.8.O., H.M. Insfbctor of Minks. 

There has always been a certain amount of mystery in con- 
nexion with spontaneous fires underground and on board ship, 
and the scientific explanation of the phenomenon does not always 
fit in with the circumstances which present themselves when 
these outbreaks occur. Formerly, it was the fashion to assign 
them to pyrites disseminated either in the coal-seam itself, or 
in the strata immediately overlying or underlying the coal. 
Nowadays we are told that* the coal is the culprit in the entire 
absence of pyrites, and that its hunger for oxygen causes heat 
to be given off to such an extent that, unless there is free radia- 
tion, it may become ignited, and cause an underground fire with 
all its attendant dangers. This latter view,, if correct, would 
appear to bring all coal-seams into the same category, but experi- 
ence teaches that only a very few seams are liable to ignite 
spontaneously : generally, in any mining area only one or two 
earn this reputation. The same is the case when coal is put into 
stock in large quantities, or is shipped for long voyages : that is, 
only certain seams are implicated; but, curiously enough, coal 
from seams which have never been known to fire underground in 
the mine frequently do so when stocked or shipped. This may 
probably be explained by the fact of the much larger bulk in 
the one case than in the other. 

In almost every instance it is found that the outbreak starts 
from tlie point where the coal is most dense and subjected to 
crush or pi-essure : on board ship, immediately imder the hatches 
through which it is loaded ; in the mine, the " waste " seems to 
be the dangerous point, although we hear sometimes of fires 
starting on the side of piliars, and said to be due to the heat 
given off through friction. With the exception of these latter 
cases, of which the writer has no personal experience, all such 
fires start at a point where the material is densest and radiation 
most impeded. 
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This subject of spontaneous combustion has 
means thoroughly thrashed out, and a pap 
chemist would be especially welcomed by the 
of the Society. It is very difficult, almost in 
adequate precautions against a danger of the oi 
development of which so little is known. E3 
doubt, taught many how to recognize some of 
indicate that a fire is imminent, but as to its w! 
one's knowledge is small ; and when the fire acl 
it comes as a surprise, whereas the '' scientif 
with a smile that what had happened was a 
under the circumstances. 

It is well known that if a chemical action 
developed is constantly going on in a mine, 
methods in operation are such as to hinder that 
freely radiated as it is generated, there will in t 
of ** something " catching fire, and that ** somet! 
material within the heated area which ignites 'ii 
perature. But still there is a lack of informatioi 
nature of the phj-sical or chemical property of 
seam which renders it liable to spontaneous c 
rapid rise of temperature which takes place ^ 
prevented can be simply shown by covering an 
light bulb with a material such as small coal 
found that in the course of an hour or so the he. 
that the glass of the lamp will melt and coUaps 

The writer was led to make the tests which h 
conseiiuence of what he saw at an undergrou 
which arose in an underground boiler-house, 
which were several beams of timber, put ii 
strength. These had in most cases entirely a 
and although both the cannel-seam and some of 
fire, it looked as if the timber had begun the m 
of this timber (it had been built into the walh 
and of the cannel were tested, and it was foun 
ignited at a temperature about one-third lowe 
needed in the case of the cannel. 

• See in this reapect ** An Outbreak of Fire, and its 
Colliery," by M. F. HoUiday, Tram, Iml. M. E., 1905, 
vol. XXX., page 167 ; and 1908, vol. xxxi., page 2. 
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This experiment was followed by more careful and elaborate 
tests of various kinds of wood and coal from different seams, 
whicli were cjirried out in the laboratory at Kirkless through the 
courtesy of the Wigan Coal and Iron Company, Limited, and 
with the assistance of Mr. T. H. Byrom, the chemist to the 
company. The results of these experiments are contained in the 
following table: — 

Results of Experiments to Test the Effect of High Temperatt7Re 
ON Timber and Coal. 



Sample Tented. 



Swedish timber 



Description of Sample. 



WeUh larch 



American pitch- 
pine 

Norway fir 



Old timber 



Old sleeper from Wig- 
an Four Feet mine ; 
approximate age, 6 
years. 

Part of 11- foot bar 
from Bume mine as 
above, and about the 
same age. 



From a baulk in use for 
5 years in haulage 
engine-house, Wigan 
Four Feet mine. 

Old prop, out of goaf 
in Wigan Four Feet 
mine. 



From seat of fire in 
Pemberton Four 
Feet mine ; rotten, 
but fairly solid. 
Do. do. 



I Do., and charred. 



Reaulu of Testing in a small Fire-clay Muffle. 



i Do., and softer than 
in the first test. 

' Decayed (not out of a 
mine). 



With various tests this sample smoul- 
dered at 392°, 356% 410% 428" and 
428^ Fahr. (200% 180% 210% 22a% and 
220^ Cent.). Average temperature, ' 
403" Fahr. (206' Cent.). " 

Test No. I : Smouldered at 680" Fahr. 
(360° Cent. ) ; temperature increased 
to 752' Fahr. (400^ Cent.), at which I 
point it had not burst into flame. ' 

Test No. 2 : Smouldered at 680^ Fahr. 
(360^ Cent. ) ; temperature increased 
to 752' Fahr. (400^ Cent.), at which 
point it had not burst into flame. 

Smouldered at 599'' Fahr. (SIS'" Cent.). 



Test No. 1 : Smouldered at 520'' Fahr. 

(260° Cent.) (this test was carried out 

the previous day with a specially 

dried piece of wood). 
Test No. 2 ; smoked at &3Q^ Fahr. (280^ 

Cent.), and smouldered at 680" Fahr. 

(360' Cent.). 
Test No. 3 : smoked at 620^ Fahr. (260^ 

Cent.), and smouldered at 671° Fahr. 

(355^ Cent.). 
Average for tests Nos. 2 and 3 : smoked 

at 518" Fahr. (270° Cent.), and 

smouldered at 675° Fahr. (357° Cent.). 
Test No. 1 : smouldered at 446° Fahr. 

(230° Cent.) (this test was carried out 

in a copper air-bath, the sample being 

placed 2 inches from the bottom). 
Test No. 2 : smouldered at 446^ Fahr. 

(230' C«nt.) (this test was carried out 

in a copper air-bath, the sample being 

placed 2 inches from the bottom). 
Test No. 3 : smouldered at 266° Fahr. 

(1 30*' Cent. ) (this test was carried out 

in a copper air-bath, the sample being 

placed on bottom of bath). 
Test No. 4 : smouldered at 320= Fahr. 

(160^ Cent. ) (this test was carried out 

in a fire-clay nmflle). 
Test No. 5 : smouldered at 392* Fahr. 

(200" Cent.) (this test wafc carried 

out in a fire-clay muflle). 
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Samiile Ti>fted. 


D«f«(ription of Sample. 

From a colliery near 


ResulUi of Testing in a 


Arley coal 


Smoked at 392° ] 




Wigan. 


coal caked and 
density to 762^^ 
when the inflamt 


Cannel 


From Wigan Cannel - 


Smoked at 356' J 




mine. 


great amount of s 
fired about 752 ' j 






Pemberton Five From Pemberton Five 


Smoked at 284^ J 


Feet coal 


Feet mine. 


started smoulde 
(360" Cent.). 


Black bass ... 


From Wigan, about 12 


Smoked at 338^ J 




feet below the Five 


Smoke increase( 




Feet mine. The fire 


ignition-point o 




was chiefly in this 


(400° Cent.). 




metal. 




Six Inch coal ... 


From 1 8 inches above 


Smoked at 320^ 




the Pemberton Five 


smoke increased 




Feet mine. This 


ignition-point o 




coal is thrown into 


(400° Cent.). 




the goaf. 





The general results of these tests show that t 
in au atmosphere at a lower temperature than co i 
that partially-decayed timber, such as old pit-pr 
readily of all. 

It is possible that fires underground would n 
if care were taken to clear out all old or used t 
seams where heating takes place. The actio i 
timber seems to make it inflammable at quite 1 



Mr. T. H. Byrom (Wigan (\)al and Iron Cc 
said that it had been a pleasure to him to make 
ulated in the table, in regard to the- ignition-poii 
specified. A.s the members would probably unde 
a very ea^y matter to determine the exact ignit 
substances, because so much depended upon th 
prevailed. It was almost impossible to reproduc 
the conditions which existed in mining operati 
peratures given might be accepted, as he believ 
within a few degrees of the exact ignition-poi 
time they were not, of course, strictly com 
results that might be proved in occurrences on 
was only natural to suppose that the couditi 
ignition would take place would vary considei 
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FUSING OF ELECTRIC CABLES. 
Mr. John Gerrard (H.M. Inspector of Mines, Worsley) ex- 
hibited a portion of a thick electric cable which had been fused 
at one end. It was part of an insulated and armoured cable, 
made on the three-phase system. It had been in a fire, and the 
question was how it came to be fused so that the copper, iron, 
and lead had been melted ; because the electricians had told him 
(Mr. Gerrard) that the moment a cable was broken the protecting 
fuse blew out and the current was stopped. When this cable was 
in order, it was subjected to a voltage of about 440, the pressure 
on the surface some distance away being 465. The cable was in 
the return airway, which for about f360 feet had been on fire, 
including timber and coal. He had hoped that some of the 
electrical members would be at the meeting, and able to throw 
some light on the question of how the end of the broken cable had 
come to be fused in the manner shown ; for, so far as be was con- 
cerned, it was very difficult to understand how a fire could melt 
iron, copper, and lead, and fuse the metals together, as was done 
in this case. No other part of the cable was so fused. It was 
between two brick walls, each 2i feet thick, and across these 
walls were iron girders with a covering of wood; behind the 
walls were coal-seams. Electricians said that if anything 
occurred to a cable and it got short-circuited, a fuse would 
instantly blow in the power-house, giving warning that there 
was something' wrong, and the fuse blowing out would stop 
the current from passing along the cable. If that were 
so, would the iron, copper, and lead be fused as they were in this 
case? It wavs difficult for him to conceive how coal from the 
seam behind the brick walls could operate upon a cable armoured 
as this one was, and for no other part of the cable to show such 
a result. To him it had the appearance of electric fusion. His 
opinion was that the cable was crushed by the edge of one of the 
iron girders falling upon it, and that then there had been an 
electric flash, which would produce considerable flame. The 
whole of the return airway was lined with the finest possible 
coal-dust, thickly coated, aud that might have played a part in 
initiating the fire. 

Mr. Vincent Bramall (Pendlebury) suggested that if the 
melting were due to external heat, the lead would have gone first. 
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CHINA-CLAY: ITS NATURE AND ORIGIN. 



Bt GEORGE HIGRLING, B.Sc., Lbctureb in Gbolooy at the 
Univsbsity or Manchsstbb. 



Introduction. — The following paper contains the chief results 
of an investigiition into this matter, made at the request of Prof. 
W. Boyd Dawkins, in view of the action brought by the Great 
Western Railway Company against the Carpalla China Clay 
Company. The work was carried out in the Geological Labor- 
atories of the University of Manchester. 

The material which is worked in the china-clay pits of 
Cornwall is of great commercial value and deep scientific 
interest. Hence it is a matter for surprise and regret 
that no adequate description of it has ever been published, the 
more so as a great deal of speculation has been indulged in 
regarding both its nature and origin. The general nature of the 
deposits, their relation to the granite, and the method by which 
they are worked, were clearly described, three-quarters of a 
century ago, by Sir Henry De la Beche.* He refers to the 
deposit simply as ** decomposed granite," clearly meaning granite 
decomposed by ordinary weathering. But the idea was early 
introduced that this modification of granite was due to the 
ascent' of hot acid vapours from below through the fissures in the 
rock,t and during recent years the theory has been revived, 
being now very popular under the title of ** pneumatolytic 
action." The author trusts that the facts here brought forward 
will effectively dispose of the idea that such a process has had 
any connection with the formation of china-clay-rock. 

The china-clay, or ** kaolin " of commerce, is prepared by 
directing on to the *' rock " in the quarry a head of water, which 
sweeps the material away to a series of pools or catch-pits. In 

* Rejiort (yii the, Geology of GomwcUly Devon, and Went Somerset, by H. T. De 
La Beche, 1839, pages 449 to 453 and 509 to 513. 

+ MinercUogischeji Taschenbtich, by von Buch, 1824 ; and " Sur le GiBement, 
la Constitution, et TOrigine des Amas de Minerai d'Etain," by Danbr^e, AmudeH 
dejt Minen, 1841, series 3, vol. xx., pages 65 to 112, 
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up the great bulk (90 per cent., or more) of the material, 
while tourmaline forms an insignificant proportion. The 
amount of quartz is difficult to estimate, as it is very readily 
missed; while the relative abundance of kaolinite and mica 
is difficult to judge for reasons which will be obvious when they 
have been described. These proportions will be discussed later. 
The size of the various fragments varies from about 00079 inch 
(002 millimetre) down to 000079 inch (0*002 millimetre) in 
diameter. Consequently, magnifying powers of 500 to 2,000 
diameters must be used for effective work. 

The quartz shows its usual characters, generally exhibiting 
glassy fracture with sharp edges, evidently the result of recent 
mechanical disintegration of larger grains. 

The tourmaline is usually in fragments of needles or prisms, 
sucli as make up the well-known *' tourmaline-suns '' of some 
Cornish granites. More rarely, it is in irregular grains ; and, 
like the quartz, it shows evidence of recent fracture. Though 
not abundant, the fragments are easily recognized, on account of 
their colour and characteristic pleochroism. 

The mica appears in all cases to be some form of muscovite. 
Two classes, however, are readily recognized. The compara- 
tively large irregular flakes are, no doubt, derived from the 
primary micas of the granite. They are quite distinct from the 
smaller, more regularly shaped plates or short prismatic aggre- 
gates (seldom perfectly hexagonal) which correspond exactly with 
the secondary muscovite formed in the weathered felspars of the 
partly decomposed granites (Figs. 6 and 7, Plate I.). Both 
types commonly show " crenulated " edges which strongly sug- 
gest chemical corrosion (Fig. 5, Plate I.). 

The kaolinite will be treated by itself. No other minerals, 
80 far as the author has observed, occur as normal constituents of 
the clay. An odd crystal of something else may be seen now 
and then, but it must be looked upon as quite accidental. The 
author would also emphasize the fact that there is no trace of 
any amorphous material. It is all crystalline. 

The Kaolinite of China-clay. — This constituent occurs typic- 
ally in the form of irregular hexagonal prisms, with rough faces, 
which show strong transverse striations conesponding to the 
basal cleavage (Fig. 1, Plate I.). These prisms are invariably 
curved, sometimes quite vermiculiform. The shorter priams 
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commonly present a fan-like arrangement (Fig. 2, Plate I.) and 
exactly resemble the similar forms of mica, from which they can 
only be distinguished by their lower interference-tint. This point 
will be referred to later. Isolated plates or very short prisms 
usually lie, of course, on the basal faces ; and this is the condi- 
tion of the great majority of the fragments, both of kaolinite and 
of miuscovite. Even with convergent polarized light, it is not easy 
to judge the amount of birefringence under such circumstances, 
and, consequently, to decide to which mineral a given frag- 
ment belongs; hence tlie difficulty of estimating their relative 
propoi-tions. Both kinds show the same irregular form (due, 
probably, to development within the decaying felspars) and the 
same evidence of corrosion on the edges (Figs, 3 and 4, 
Plate I.). 

The low interference-tint and low index of refraction defi- 
nitely distinguish these crystals from mica. The identification 
with kaolinite rests on the following evidence: — 

(a) The index of birefringence is distinctly low, about that of 
quartz, but variable. 

(b) The index of refraction (by immersion in oils) is very near 
to 1'560. This is a little higher than that given by Dick for the 
Anglesey kaolinite (1'54). Through the kindness of Dr. F. H. 
Hatch, however, the author has been able to examine a small 
sample of Dick's material, and finds that it also appears to have 
an index of 1*56. 

(c) The prismatic crystals extinguish parallel to the basal 
plane. 

(d) liasal flakes show a biaxial interference-figure. 

(e) The author has not been able to determine accurately the 
specific gravity. By using only the coarsest particles of ** mica- 
clay " he was able to effect a partial separation of the kaolinite 
and mica in a. mixture of bromoform and chloroform. In a 
diffusion-column of these liquids, almost pure mica was obtained 
at the bottom, while kaolinite with a little quartz and entangled 
mica collected around a quartz-crystal used as an • indicator, 
some a little higher, some slightly below. It is perhaps note- 
worthy that scattered particles floated at various lower levels, 
and that the main mass of the kaolinite would not come to rest 
at a unifoim level. Thus, while the fineness of the particles 
seriously interferes with the precision of this determination, it 
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is clear that the specific gravity is very near to that of quartz 
(2*(iG), which is certainly as near to the figure given by Dick 
for kaolinite (2' 62) as the conditions of the determination will 
allow one to approach. 

if) The crystals are completely soluble in superheated strong 
sulphuric acid. 

The above facts appear to the author to leave no doubt as 
to the identity of the mineral; they are all in accord with 
the known characters of kaolinite, and the close agreement in 
specific gravity and complete agreement in refractive index 
seem specially significant. It would have been interesting to 
get a chemical analysis to confirm the identification ; but, after 
several trials, the author gave up the attempt to isolate the 
mineral in quantity. Only the coarsest particles can be used 
for separation by the usual specific-gravity method, and it is 
a very tedious matter to obtain such material even in small 
quantity ; even if this were obtained, the separation of the mica 
would be still more tedious, while the quartz could not be got 
rid of. But, in the absence of a separate analysis, fairly definite 
evidence may be obtained from the bulk-analysis of the clay; 
and it will be useful to discuss this evidence somewhat fully 
for various reasons. 

Evidence of Chemical Composition of the China-clay .on its 
Mineral Constitutimi, — It has been seen that there are four 
minerals making up the clay: three of these are well-known 
and readily identifiable; the fourth has been identified as 
kaolinite. Knowing the composition of all these minerals, we 
can test the accuracy of the determinations by seeing whether 
a mixture of them can be obtained which will correspond with 
the bulk-analysis of the clay. This may be done more readily, 
as one constituent (tourmaline) may be left out of consideration 
as being far too rare (certainly much below 1 per cent.) to affect 
the bulk-analysis appreciably. Of the other three, quartz is 
not liable to any variation in composition, while muscovite is 
fairly constant. The kaolinite should be pure hydrated silicate 
of alumina. These facts enable us to test the analysis with 
much greater precision and delicacy than would otherwise be 
the case. 
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Table I. —Analysis of China-glat No. 



Theoretical Constitution. 



Chemical Symbol. 


Actual 
Analjais. 
Per cent. 


MuacoTite. 

82 2. 

Per cent. 


KaoUnite. 
Per cent 


8iO, 


51-55 


1406 


26-70 


AW 


. 3417 


12-31 


21-86 


Other bases (K,0).. 


3-87 


3-87 


— 


H.0 


10-62 


1-44 


7-74 



Quartz. 

12 6. 
Per cent. 

12-5 



100-11 



Tablk II.— Analysis of China-olay No. I 

Theoretical Conjititution. 



Chemical Symbol. 


Actual 
Analyaia 
Per cent. 


Muscovite. 

28-2. 
Per cent. 


Kaolinite. 

66-0. 
Per cent. 


i^arU. 
Per cent. 


SiO, 


4912 


12-74 


30-59 


5-8 


Al^O, 


. 36-94 


10-85 


26-00 


— 


Other bases (K,0) . 


3-38 


3-38 


— 


— 


H.0 


10-50 


1-26 


9-24 


— 



99-94 



TABT..E III.— Analysis of China-clay No. I 

Theoretical Constitution. 



Chemical Symbol. 


Actual 
Analysis. 
Per cent. 


Muscovite. 

34-3. 
Per cent. 


Kaolinite. 

58-2. 
Per cent. 


Quartz. 

7-5. 
Per cent. 


SiO, 


. 50-29 


15-45 


27 08 


7-5 


A1.0, 


. 36-17 


13-16 


23 01 


— 


Other bases (K,0) . 


. 4-12 


4-12 


— 


— 


H.0 


. 10-33 


1-64 


815 


— 




100-91 




Table IVa.- 


-Analysis of Kaol 


INIZBD GrANITB, G] 






Bbbaok, 


Cornwall 


§ 




Actual 
Analysis. 
Per cent. 


Theoretical Constitution. 


Chemical SymboL 


MiucoTite. 

371. 
Per cent. 


Kaolinite. 

13-a 
Per cent. 


Quart)s. 

5002. 

Per cent. 


SiO, 


. 7115 


16-76 


6-04 


5002 


A1,0, 


. 19-41 


14-28 


5-13 


— 


Other bases (K,0).. 


4-45 


4-45 


— 


— 


H,0 


509 


1-66 


1-82 


— 



100-10 



* *<Anal3r8e8 of Samples of China-clay (Kaolinite), Ci 
Macadam, Mineralogical Magaziiie, 1885-1887, vol. vii., page 

+ Ibid., page 76. J Ibid. 

§ ** The Geology of the Land's End District," by Messrs. G 
anal. Pollard, Memmr of the Geological. Stin^ey of England a 
tion ofShttU Kos, 351 and 35S, 1907, page 59. 



Tabub IVb.— Sams Analysis as ik Table 4a, with Toubhaline calculated 







FROM B,0^ 








Actual 
Analysis. 
Per cent. 


Theoretical Oomtitotion. 


Theoretical 

ToUO. 

Per cent. 


IHitalvith 

Collins 

Kaolinite. 

PercenL 


Chemical Symbol. 


827 3-3. 14-6. 19-58. 
Percent. Percent- PercenU Percent. 


SiO, 


. 7116 


14-78 


1-20 6-79 49-62 


72-29 


7£'8S 


A1.0, 


.. 19-41 


12-59 


116 6-77 — 


19^1 


19'il 


Other bases 


.. 4-47 


3-92 


0-65 - - 


4-47 


4-47 


H,0 


609 


1-47 


012 2-04 — 


3*63 


S'20 




10012 


99-80 


99-80 


Table V.— 


Analysis 


or Kaolin 


FROM PlBUX (MaNCHE), FrANCE.** 


Chemical Symbol. 


Actual 
Analysis. 
Per cent. 


Theoretical Constitution. 

7-9S. W-Se. 145. Total. 
Per cent. Per cent. Per cent. Per cent. 


Total with 
OoUtns' 

Kaolinite. 
Per cent. 


SiO, 


.. 46-71 


8-58 


42-12 1-46 


47-16 


50-45 


A1,0. 


.. 38-74 


2*96 


36-78 — 


38-74 


3S'74 


Other bases (K,0) 


.. 0-95 


0-95 


— — . 


0-95 


0-96 


H.0 


.. 13-60 


0-35 


12-68 — 


1303 


9-73 



99*90 



99-87 



99-87 



Table VI. — Analysis of Raoun from Manche, France, t 

Theoretical Constitution. 



Chemical Symbol. 


Actual 
Analysis. 
Per cent. 


MuBCOTite. 

4-08 
Per cent. 


Kaolinite. 

V7-U9 
Per cent. 


Per cent. 


Theoretica 

Total. 

Per cent. 


Total with 
OoUios' 

Kaolinite. 
Per cent. 


SiO, 


. 46-28 


1-84 


4514 


— 


46*98 


4966 


AI,0. 


. 39-92 


1-57 


38-35 


— 


39-92 


S9-92 


Other bases (K,0).. 


0-49 


0-49 


— 


— 


0-49 


0-49 


H,0 


. 13-73 


018 


13 59 


— 


13-77 


10-23 



100-42 



101-16 



100-30 



We are justified in assuming that all the bases other thaii 
alumina are present in the muscovite. In the following analyses, 
therefore, these hawses have been reduced to their equivalents of 
KaO, and from this the percentage of muscovite present has 
been estimated; the quantities of silica, alumina, and water due 
to it have then been calculated. Obviously, the remainder of 
the alumina is due to the kaolinite, and from it the percentage 
of that mineral may be estimated, and the quantity of silica 
and water due to it calculated. 

The percentages of muscovite and kaolinite having been- found, 
the remaining material may be taken as quartz. Hence, adding 

* "Sur la Constitntioti des Argiles," by Th. Schlcesing, Comptes-rendiut 
fie PAcad6mie (Um ScitncfM, 1874, vol Ixxix., page 474. 

f Ihid,j page 475. 
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its percentage of silica to that estimated for tl 
kaolinite, we should get the total silica in the < 
and the closeness with which we approach thi 
a very delicate test of the validity of all our 
the percentages of muscovit© or kaolinite are iw 
will be correspondingly affected, and every perc 
the quartz is increased or diminished will affec 
by over ^ per cent. 

Kaolinite has been assumed in these calculal 
composition AI3O3 . 2SiOa . 2H2O, or AlgOg^f 
H3O = 14. Collinses suggestion* that it has a difiFe 
is dealt with below, the last column in the 
referring to this point. 

The first three analyses were selected from 
ber given by Macadam, because their water-pe 
most closely with those of the clays examined 
who determined the water in the latter by ignit 
analysis, that of the decomposed granite, was 1 
tourmaline taken into account (estimated from 
of B303).t 

It will be seen that the theoretical totals of 
in the foregoing tables are in close agreement wi 
in the actual analyses. This makes very signific 
the small differences which do exist are consta 
Nearly without exception the silica is a little toe 
a little too low, the average silica-excess being 0* 
water-deficiency 0*61 per cent. (Analysis No. ' 
this consideration.). It is clear that there mv 
explanation for these differences. There is nc 
why the silica should be too high. Two causes n 
for the water being too low, namely : — 

(1) The ratio of muscovite to kaolinite may b< 
substitution of kaolinite for about 6'4 per cent. ( 
(that is, 0*4 per cent, of the whole clay; about 20 

• **0n the Nature and Origin of Clays: the Compositi< 
J. H. Collins, AfmcrcUofjical yfagazinty 1885-1887, vol. vii., pa 

+ Since writing the above, the author has learned thi 
concluded that china-clay consists of kaolinite, muscovite, 
purely chemical examination, and has calculated their prof 
manner. (See papers by Vogt and Lavezard, in the Mtn 
SociH^. ponr V Kncournfjemevt fit- rindn-Htne Natiovnlc^ Paris, 1 



muscovite itself) would raise the average total water to the 
reciuired figure. But, at the same time, this would actually raise 
the silica slightly (0 08 per cent.), making its error so much 
greater. Furthermore, about one-fifth of the KjO would now be 
left unaccounted for. 

(2) The muscovite may be hydrated. If this be the case, it 
will account both for the deficiency of water and for the excess of 
silica. The average water-deficiency is 2'62 per cent, of the musco- 
vite present. If the percentage-composition of the muscovite is re- 
calculated with that amount of extra water, and the amount of 
muscovite in the clay then re-estimated in accordance with the 
new KaO ratio, its percentage will be increased by 0*65. Never- 
theless, of course, the amount of silica and alumina contained 
in it will remain as before, and the kaolinite, therefore, will 
also be unchanged. The difference of 065 per cent, must come 
off the quartz present, and the total silica will therefore be 
diminished by that amount. 

. Making this correction, then, on the average of the six 
analyses, we shall have the alumina, potash, and water of the 
theoretical totals in perfect agreement with the actual analyses, 
while the theoretical silica will be 019 per cent, too low. This 
close correspondence appears to the author to form the strongest 
testimony to the correctness of the determined mineralogical con- 
stitution of the clays. 

In support of the view that hydration of the muscovite is 
responsible for the small discrepancies originally found, it may 
be noted (1) that they are especially marked (both excess of silica 
and deficiency of water) in analysis Xo 4, in which the per- 
centage of muscovite is comparatively high, and that of kaolinite 
very low ; (2) that the high percentage of silica and low percen- 
tage of water vary together ; ('i) that the muscovite in the decom- 
posed granite has a pearly lustre, which, as remarked by Mr. 
Collins, is not improbably a sign of hydration; and (4) that 
Johnstone has shown that muscovite immersed, even in pure 
water, does become hydrated.* It may be noted that the water 
added (2G2 per cent.) is very nearly equal to the addition of one 
molecule of HgO (225 per cent.), but it may be doubted whether 
this is more than a mere coincidence. 

* "On the Action of Pure Water and of Water Saturated with Carbonic 
Acid Gas on Minerals of the Mica Family," by A. Johnstone, Quarterly Journal 
of the Geological Society of London, 1889, vol. xlv., pages 363 to 368. 
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The above evidence appears to the author amply to justify 
the conclusion that the mineral referred to as kaolinite really 
has the composition AI2O3, 2Si02, 2H2O, and that it forms about 
50 to 70 per cent, of ordinary china-clays. Should anyone re- 
main sceptical, he believes that the argument may be strength- 
ened to demonstration by reference to the china-clay of Aue, 
which was described by Ehrenberg* in 18'iC as consisting almost 
entirely (" Fast die ganze Substanz ") of crystals which, from 
his description and figures, are obviously the same as those 
considered by the author as kaolinite, while the clay itself has 
the composition of true kaolinite, as shown by the following 
analyses,! that by Forchammer being in almost perfect agree- 
ment with theory: — 

Composition of Kaoun of Aub, near Schnkkbbrg. 





Forchammer. 
Per cent. 


Wolff. 
Per cent. 


SiO, ... 


46-53 


48-49 


A1,0, ... 


39-47 


37-88 


H,0 ,. 


13-97 


13-58 


CaCO. .. 


0-31 


0-18 



Reference has been made to Mr. Collins' attempt to show that 
kaolinite, at least of chinarclay, has not the composition gen- 
erally attributed to it. J He gives a number of analyses (Table 
II.) of Cornish china-clays which agree roughly with the theor- 
etical percentages, namely, silica, 48 ; alumina, 41 ; and water, 
10*8; answering to a formula AI3 HgOe SiO^ AI2O3, aSiOj. The 
average water-percentage in these analyses is rather over 2 per 
cent, lower than that in nearly all the analyses of his Table I. ; 
and the author cannot avoid a suspicion that in specially drying 
these clays before the analyses of Table II. some constituent 
water was in some way removed, thus accounting for the dis- 
agreement between these and practically all other analyses of 
china-clays. However that may be, it is obvious that the whole 
bulk-analysis of the clay will not give the composition of kaol- 
inite or anything else, seeing that several minerals certainly 
enter into its composition in an important degree. As some 

* Uet>e.r Aficroscopische new Charaktere der erdigen uwl derlteii 3/i««m/i€ti, 
by C. G. Ehrenberg, Poggendorfa AnncUen der Physik und Chemie, 1836, vol. 
xxxix., page 104, fig. I. 

+ Rammelsberg, ffandhnch der AfineraJchemie^ 1875, secoud edition, Leipzig. 
J "On the Nature and Origin of Clays : the Composition of Kaolinite," by 
J. H. Collins, Mimralorjicnf Afagazhie, 1885-1887, vol. vii., page 209. 
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weight has been attached to this paper of Mr. Collins', the author 
thought it worth while to test how far his formula for kaolinite 
would work if substituted for the generally accepted one in the 
partial analyses worked out above, and to give the results by the 
side. It will be seen that the differences are about five times 
greater than with the usual formula, so that we may confidently 
say that the kaolinite present has not that composition. 

Source of the Kaolinite. — ^It is, of course, a familiar state- 
ment that kaolinite is one of the decompositjon-products of fel- 
spar, the turbidity of which as seen in most sections is commonly 
attributed to the development of this mineral. The author's 
own observations lead him to doubt this. A careful search through 
the felspars of a number of decomposed granites with high powers 
has failed to show him any trace of a decomposition-product 
which he could regard as kaolinite. Muscovite is abundant, as 
also calcite, epidote, and very minute flakes and specks of iron-ore 
(? micaceous ilmenite). It is evident that kaolinite might be 
difficult to detect, owing to the approximation t>f its refractive 
index and birefringence to that of the felspar: but the author 
does not think that this can account for his failure to find it. The 
only other mineral in the parent-granite of the china-clay which 
could conceivably give rise to kaolinite is the muscovite. But it 
is equally clear that the primary muscovite-crystals show no trace 
of any such decomposition -product : indeed, they are usually 
quite fresh. In a word, no sign of kaolinite can be found in 
the still coherent granite: the crystals are only to be seen in the 
fine powder which gives rise to the clay : hence it seems evident 
that the development of kaolinite takes place in the clay itself. 
Yet it is as true of the fnicments of muscovite and felspar (if any 
remain'^ in the clay as of those in the irranite itself, that they 
show no trace of kao'inite a* a d^^com position -prod net. Two 
possibilities tlierefore remain: the kiolinite may represent 
material which passes iLto <olution and recrjstarizes. or musco- 
vite may be dinxt!y converted into ka«»lin:te. The author has 
little d'^'iln now tl.at the latter alternative is the correct one. 
Tlie tl.'Tx'tiirhly m:rac»*«»\:s hubit of tlie cry^t^jN ha< already been 
noted, as !:k-w\e the fact ti at tl.eie :< no vi-il^e difference in 
fo'ui betwer-n *h*- k :'::i::t^-< and the ^nialler nvlca*. The curious 
f •?::.? al/'i.e aTe vilti..>t - irhrieLt pro,.f th;it The • ry^t-1^ have not 
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been deposited freely from solution. They stand in marked 
contrast with, the beautifully regular crystals from Anglesey, 
which are probably much more characteristic of the proper habit 
of the mineral. It has been seen, too, that both the micas and 
kaolinites show signs of chemical corrosion, the action being 
more marked in kaolinite. This fact would be very surprising 
if the mineral were crystallizing out in the clay, but is obviously 
natural if the mica is undergoing a partial solution by which it is 
converted into kaolinite. 

The complete similarity of the kaolinite and the mica seems to 
the author the strongest argument in favour of the former being 
merely a derivative of the latter. There is, however, one partial 
distinction which is significant: the long vermicular prisms are 
almost invariably kaolinite ; the shorter ones include a much 
larger proportion of muscovite. It seems to the author probable, 
as a matter of inference, that the longer prisms would be more 
likely to form in the later stages of the decay of the felspars, 
when there would naturally be more room for development, than 
in the earlier. This is confirmed by the rarity of any such long 
prisms actually in the decayed felspars, so far as the author has 
been able to observe. This may indicate that in the final stages of 
decay there is a deficiency of alkali, and kaolinite may conse- 
quently be formed directly, new material probably being added 
to already existing crystals. 

Lastly, the author may adduce, with some hesitation, a final 
observation supporting the theory that mica is converted directly 
into kaolinite. The prisms may be seen showing every variation 
of birefringence from that of muscovite down to nil. The writer 
fully realizes the difficulty of being sure of the optical orienta- 
tion and of the thickness of such minute fragments, but he feels 
confident that, when these disturbing factors are eliminated, 
there still remains a wide range of birefringence which is no 
doubt coi*related with a variable chemical constitution. Prisms 
may be seen which appear to be muscovite at one end and 
kaolinite at the other. 

A paper by A. Johnstone,* already referred to, has a direct 
bearing on this point. He exposed muscovite to the action of 

* ** On the Action of Pure Water and of Water Saturated with Carbonic 
Acid Gas on Minerals of the Mica Family," by A. Johnstone, Quarterly Journal 
of the Geological Society, 1889, vol. xlv., pages 363 to 368. 
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pure water, and also of water saturated with carbonic acid, for 
twelve months. At the end of this period, he found that both 
specimens bad taken water into combination, being converted 
into hydro-muscovites. Biotite was acted upon in the same way ; 
it was also superficially bleached, and lost a certain amount of 
iron and ma^rnesium by solution in the carbonic-acid water. 
These changes certainly appear to be in the direction of a con- 
version into kaolinite. It has been seen above, also, that the 
muscovite in the china-clay appears to be hydrated. 

Schla^sing, in his paper ** Sur la Constitution des Argiles 
Kaolins/'* from which the above analyses, Xos. 5 and 6 were 
taken, found, after allowing water in which kaolin had been 
stirreil to stand for a month, that theie still remained in sus- 
j>ension [y or partly in stdution] some ** argile colloidale " which 
was notably rich in potash and magnesia, containing as much 
a.« 4 25 per cent, of the former, and 1*29 of the latter. If, as 
would seem likely, some of this material was in solution, the 
presence of the hirge ijuantity of potash would seem to indicate 
ag;un the removal of this material from the mu^i^vite. That 
there is material in solution the author determined by putting a 
little raw china-clay into distiller! water, i^refully tiltering, 
conivntrating the solution, and evapi^ratiug a spot of coneen- 
tn^teil material on a glass slip. A beautiful tinely-crystalline 
dt'j>i^>!t was obtained, of minute cubes, rhombic plates, and 
feathery stai^. With a llanie-te>t, the si»luti«»ii >howed clearly 
the pn\^iiiv of jH^tassium. 

1 he iiue-^iu-:. wi!l naturally arise wheiLeT tht->e cLanges can 
Iv obs^TVtd ::» tie larirer primary- micas of tLe granite. Their 
jvarly lu-irv to the naktxl eye has alrt-ady been mentioned. 
I n^ior the n.:in*M.iw they usually sLi^w m^^re or less corroded 
iv.ct^s, No iurtlitr change is generally apparent in the speiriniens 
:n ::.e cM:;a-\*,.y. A\ iih iht micas in the Cc»al-measure clays, ex- 
air.ir.t-/. by ;!.e au:b ^r. ;he c.se is dfJvrvr.:. la a givy underclay, 
: r r\..:..: 1-. fr ui ItL.s^ :e. :.e :::..: :he bulk et the maieriai 
t > v^. :.s>: . : :..::. u:-, u.v re ^ r less Lex.:.ir^^: ,.1, t-^ItS, or ag^rregates 
•i ::-->t\ l..t^^ ** ..-re:': j.-Tt-^ " :.'. t • k. a* r.rs:. :o W merely 
,..x:.:e:.:al, i:i.:il :e fi un i ex.in.rlt> wn::*. :Ler:i>e!v» Lftd defi- 
Tt.y .- ... y :: :. :.tt tx. c :...'. : r:. s. F :r:Lt^ observa- 
^^ t«f) liiv villi Hfi ^^nU ibaf %ht ^ -MJi T WJ KH.' 



■*^ •* rA \ Ll l M i 4^S&,fW^w^ 1^*. «^ 
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the result of the complete decomposition of larger mica-crystals, 
every stage of the process being observable. Incidentally, he 
may add that many of the less decomposed micas were distinctly 
tinged brown, and contained numerous secondary rutile-needles 
— evidently altered biotite-crystals. Rutile was abundantly 
strewn free through the clay. Of course, one wants to know 
the nature of the small hexagonal plates into which these micas 
are resolved. So far as the writer has been able to observe, they 
show no characters incompatible with their being kaolinite, al- 
though one hesitates to identify them as such. The double 
refraction appears to be weak. 

Schmid,* however, describes what is evidently the same phe- 
nomenon. Describing the principal constituents of the kaolin of 
Eisenberg he says of^ the larger flakes (" glimmerartige " 
Blatter): — 

" Their oatline commonly is completely rounded, often at the same time 
indented, very seldom partly straight, and rarely regularly six-sided. They are 
clear to dusty and turbid. With this turbidity, the indentations show further 
towards the middle, and allow the commencement of a falling into smaller plates." 

The other constituents of tlie clay are quartz-grains and the 
** micro vermiculite '^ which we have identified as kaolinite, a 
slight admixture of needles of rutile, and some other mineral 
(? tourmaline) completing the list. In view of the facts that 
these ** micaceous '^ plates seem to be the most abundant con- 
stitutent of the material, that there seems little doubt that they 
were originally mica, that the whole material is now a good 
** kaolin," and that the analysis shows that nearly 74 per cent, 
of it is soluble in superheated sulphuric acid and has a composi- 
tion very closely agreeing with kaolinite, while the remaining 
26 per cent, appears to be nearly pure quartz, it appears to the 
author that this decomposed micaceous material must approxi- 
mate closely to kaolinite in composition, and that the conversion 
of mica into kaolinite is here seen taking place. 

It would appear highly probable, therefore, that while the 
minute secondaiy muscovites from decomposed felspars are con- 
verted directly into kaolinite-pseudomorphs, a similar conversion 
may take place (of course, much more slowly) in the larger 
primary micas, and is accompanied in the latter instance by the 
splitting- up of the crystal. 

* <*Die Kaoline des Thiiringischen Buntsandsteins," by E. £. Schmid, 
ZtUschrift der DetUtchen Geologischen OtadUchaft^ 1876, vol. xxviii., page 92. 



I 
I 

J 



848 chixa-clat: its xatuue and origin. [July, 1908. 

Agencies concerned in the Formation of Kaolinite. — In view of 
wliat has already been said, there does not require much to be 
added under this head. It would be unnecessary to say any- 
thing at all, were it not for the recent revival of the idea of 
kaolinization by pneumatolysis. The following observations 
should be sufficient to show that such a hypothesis is both un- 
necessary and untenable. 

Muscovite, which represents the first stage of the transforma- 
tion, is a perfectly normal decomposition-product, formed when- 
ever potash-felspar is exposed to the influence of atmospheric 
moisture. Seeing, therefore, that ordinary weathering is able 
to accomplish the first stage of the change, there seems no reason 
why it should not complete it. 

The china-clay rock is essentially a surface-sheet covering 
the irregularly corroded surface of the solid granite. For the 
accuracy of this statement the accompanying section (Fig. 10, 
Plate I.) is sufficient evidence. It might be contended that the 
dift'erence between the superficial material and the solid rock 
below was due merely to mechanical disintegration. But the 
author lias shown that it is only in the soft powdery material 
that typical kaolinite is to be found — it is not present in any 
of the solid material which contains unaltered felspar. It is 
self-evident that this surface-layer of rubbly material is due 
to atmospheric weathering, and it therefore follows that the 
conversion of muscovite into kaolinite, as the formation of the 
muscovite from felspar, is a part of the same process. The 
downward limit of the decomposition is naturally extremely 
irregular, as is well seen in the irregular surfaces left where the 
soft material has been swept away (Fig. 9, Plate I.). Occas- 
ionally, sinking along fissures, the water has caused decomposi- 
tion under extensive masses of solid granite, as in other rocks it 
may give rise to caves. 

Again, there is evidence to show that the muscovite in clay is 
transformed in situ into kaolinite; and no one, it is imagined, 
will suggest pneumatolytic action in that case.* 

The following figures may be added, giving the estimated 
loss per cent, of each of the given constituents of a biotite-gneiss 

* See footnote, page 28, on the similar decomposition of felspar in mill- 
stone grit. 
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from North Garden, Albemarle County, Virginia, U.S.A., as the 
result of complete atmospheric weathering*: — 

Lost IXMt 

per cent. per cenL 



SiO, 62-46 

ALjOa 000 

Fe,0, 14-35 

CaO 10000 

MgO 74-70 



K^O 83-52 

Na.0 9503 

H,0 increased from 0*62 

to 13-75 per cent, of 

whole mass. 



The correspondence of this with the changes which must 
occur in the kaolinization of granite is obvious. 

The arguments in favour of kaolinization by pneumatolytic 
actiont are the depth to which the kaolinized material extends ; 
its improved quality from the deeper parts; the occurrence of 
schorl, topaz, gilbertite, fluor, etc., in association with it; and 
Mr. Collins' statement that felspar artificially treated with 
hydrofluoric acid is reduced to a material chemically and micro- 
scopically resembling exactly china-clay. 

The first argument has already been disposed of. The second 
points, in the author's opinion, to the extraction of free oxygen 
from the water in the more superficial parts, so that the biotites 
in the rock below have not been oxydized and decomposed, and 
the clay is therefore a more pure white. The third does not 
appear to prove anything beyond the undoubted fact that schorl- 
veins were formed in the granite before its kaolinization; there 
is no obvious connection between the production of the veins 
and the subsequent kaolinization, as shown by the fact that the 
veins are equally characteristic of the undecomposed granite. The 
last piece of evidence has been examined by the author, by repeat- 
ing the experiment. Clear, glassy, rather pink orthoclase was 
immersed for 52 hours in hj'drofluoric acid at the natural temper- 
ature. The fragment soon lost its colour and fell to pieces, break- 
ing along cleavage-planes. A coarse white powder remained after 
removing the acid, washing, and drying. Under the microscope 
the fragments, mounted in oil, were still sharply angular and 
glassy, but absolutely isotropic. They had not the remotest re- 
semblance to china-clay. The same experiment was tried by 

♦ Jiockn, Rock'Wtatherimj, and Soih, by Dr. G. P. Merrill, 1897, paees 213 
to 215. » » i-'e 

+ •* On the Nature and Origin of Clays : the Composition of Kaolinite," by 
J. H. Collins, MineraiogiccU Magazine , 1885-1887, vol. vii., pages 211 and 
212 ; and ••Geology of the Land's End District," by Messrs. Pollard, V. Keid, and 
J. S. Flett, Mtmoir of the Oeo/ogicai Surrey of England and Waltn : ExplancUi<m 
ofSheeU Nos, 361 and 3oS, 1907, pages 68 to 60. 
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putting the acid on grey Irish granite, and brushing off the 
white powder left on the surface on drying. The felspar was 
affected in precisely the same way. The arguments advanced, 
therefore, scarcely appear to the author to justify the statement 
that '' Tliis method of decomposition [kaolinization] has undoubt- 
edly originated from heated corrosive vapours ascending from 
below through certain broken or fissured parts of the granite."* 

Previously Recorded Occurrences of Crystalline Kaolinite in 
Clays. — The statement that kaolinite is a common (or essential) 
constituent of clays is very general. Nevertheless, Ries has 
justly remarked that, when the evidence is sifted, the founda- 
tion for the statement is very slight. The difficulty of identifica- 
tion of small particles of the mineral readily explains this state 
of affairs, but does not justify the replacement of evidence by 
mere assumption. Hence it may be well to record a number 
of cases in which it appears to have been definitely observed, 
if not always recognized. 

(1) P ore f Iain-earth of Aue. — ITie observation by Ehrenbergt 
that this deposit is almost entirely composed of kaolinite-crystals 
has already been noted. 

(2) ** Hunzlau Clay^ — In the same paper, J he figures exactly 
similar crystals in this deposit. 

(^) Kaolin of Eisenberg, Thuringia. — From this china-clay, 
E. E. Schmid§ figures perfectly typical kaolinite-crystals, under 
the merely descriptive appellation of " microvermiculite," and 
describes them as ** richly strewn " among the other materials. 
His figures and descriptions leave no doubt as to the identity of 
the mineral. He further records the mineral in similar deposits 
from Osterfeld, Weissenfels, and Gleina. 

(4) liall'clay of Edgar, Florida. — Ries|| gives a rough sketch 
of a preparation of this clay, which shows it to consist largely 

♦ "The Geology of the Land's End District," by Messrs. C. Reid and J. S. 
Flett, Memoirs of the Ueologiccd Survey of England and Waien : Explafiation oj 
ShettH Xott. Jol and 35S^ 1907, page 58. 

t Ueher MicrowopiHche nene Charaktere der trdigen und dtr}*en Mineralietit 
by C. (J. Ehrenberg, Po<j(jendor/\t AnnaJen der Phyttik und Chetnie, 1836, vol. 
xxxix., page 104, fig. 1. 

t Ibid, 

§ " Die Kaoline des Thiiringischen Buntsaaidsteins," by E. £. Schmid, 
ZtiUchrift dtr DntlJichen Geoioyi^chen Ciej<elhchaft, 1876,- vol. xxviii., page 92. 

II Clay ft : their Occurrence, Properties, and Unes, 1906, page 119. 
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of the typical crystals, while in another place* he gives an 
analysis which shows its composition to be remarkably close to 
pure kaolinite. 

(5) Johnson and Blake,t in their well-known paper on kao- 
linite and pholerite, record many substances having the com- 
position of kaolinite as made up of hexagonal plates and " pris- 
matic aggregates " of such plates. In many cases there seems 
to be little doubt that these '* aggregates '' are identical with 
the kaolinite-crystals of our own china-clay, for example, those 
of Richmond (Virginia) and Summit Hill (Pennsylvania), etc. 
Unfortunately, the geological nature of the materials examined 
is usually not clearly stated, and in some cases, at least, they 
appear to be mere deposits in fissures or similar positions. 
Nevertheless, the following statement is important; — 

'* We have examined microscopically twenty specimens of kaolin, pipe-, and 
fire-clay .... In Jbhem all is found a greater or less proportion of transparent 
plates, and in most of them these plates are abundant, evidently constituting the 
bulk of the substance. "{ 

(6) According to Bies,§ similar crystals have been observed 
by Cook in the clays of New Jersey, U.S.A. 

This list might be augmented almost indefinitely, if cases 
were added where " kaolinite " or " kaolin " has ** been identi- 
fied " in clays A single example may show what these ** identi- 
fications " are worth. Regarding the sedimentary kaolin of 
Hersey (Wisconsin), IJuckley states that: 

** Under the microsc pe the crude kaolin was observed to consist mainly of 
kaolinite-grains, although numerous small grains of quartz were observed. The 
largest grains of kaolin were not over 0*0025 mm. in diameter." || 

In other words, the largest grains of kaolinite were just so 
small as to be beyond the range of identification. The same 
tendency to describe as *' kaolin,'' " kaolinite," ** clay-substance '' 
or in some such way any material too fine for proper examina- 

• ClayH : their Occurrence, Propertki, aiid Uf<ejt, 1906, page 169, table 12. 

t '* On Kaolinite and Pholerite," by Messrs. S. W. Johnson and J. M. Blake, 
Ariierican Journal of ScieiicCy 1867, second series, vol. xliii., pages 351 to 361. 

I Ibid., page 356. 

§ Clays : (heir Occurrence, Properties, and Uses, 1906, page 98. 

II "The Clays and Clay-industries of Wisconsin," by K. R. Buckley, 
Wiscmviin Geological and Natural History Survey: Bulletin No. vii.. Part 1, 
1901, page 237. 



^± CUrVA-CXAY: ITS SATTTEX. AJfD OKIGIX. [JuIt. 1908. 

tioD, has prevailed again and again « and is almost entirely re- 
sponsible for the reputed occurrences. The author has himself 
seen kaolin iie only in a single stratified clay, referred to below.* 

Rehilion of Chlr.^'<lay to the Stratified Clays. — Our present 
knowledge of tLe nature and history of common clays is still 
unsatisfactory. The investigations which have been made leave 
some important points unsettled, while the accounts of the sub- 
ject in moft text -books contain statements which are actually 
wrong or misleading. In particular, the idea is very wide- 
spread that a more or less detinite hydrous sCicate of alumina, 
either in the form of crystalline kaolin ite, or in some amorphous 
condition, constitutes the real pure clay, in which other sub- 
stances that may be present are to be regarded as impurities. 
Another firmly-rooted idea is that clays are essentially the 
residue of the " felspathic " element of the igneous rocks. 

The most successful observations hitherto made are those of 
Mr.Hutchinjrs'^ on fire-clays, the results of which are almost com- 
pletely in agreement with the few examinations the author has 
been able to make. As Mr. Hutch ings remarks, microscopic ex- 
amination at once demonstrates the uselessness of trying to evolve 
formulae out of clay-analyses. It would seem to be a safe state- 
ment thut no sedimentary clay exists which is so homogeneous 
that its bulk-analysis can afford, by itself, any trustworthy 
guide to its mineral constitution. Xow, such analyses appear to 
form practically the whole evidence on which the existence of a 
" clay-ba«.e " of kaoIiiJte. LaIIov>:te, or similar miLeral rests. 
This evidence may therefore be p'-it on one side as practically 
valueless. Beyond this, nothing scenes forthcoming further than 
the statement that '" plates " or " s«a'.es.*' which are sometimes 
taken for kaolinite, occur in c!ays- Mr. H-JtoLings has described 
such !ii.e ^akes as forming the " paste *' of clays, but has referred 
tlie m:iieral to ^ouie foim of ni:<-a.* Th^* author cor.ttrms the 

• >:T..e the »>ove wm wr:t:«:n. the *-tr.cr h*s exaii,iii«»i the completely- 
we^t'-^rt.: feU|>Ath:c ciHti. ne zrw. wL:.h is irrit i at Mow Coj., Xortii Stakf- 
i-.TitL^^ZK. «*£ & 9Kt'jii:-K of kiclLi*- It c Qi^ftins k^ lui.ie in ihe ua'.:al carve^i pnsms, 
a:- J al*.> in be&utifu '.y-crjstxllij*. i hcx..ji-nAl pU:«r>. tXACtly similAr to the 
Cit^-ni* irr*.r.'-e.i l-v l»:.k. lu: n^u.r. sner. 1: wou'i streni tr^^t th.3 letter fonn 
of t..*- cLeril ii«\.^.lv ovx'JT^ where it hi.* pr..\\a' ly Kei. frttly expoaed to 
ficr:ol-tLLg wiier. 

♦ *'Xr*e* on t:>* Pr- ^ a'-^^e <>:z:r. of so- e S'.A'e*, ' by W. M. Hatchings, 
: /'..'., page i»9. 
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general occurrence of such a " paste," and can also state that in 
some cases it certainly is mainly micaceous. In other cases he 
is more doubtful of its nature. 

The only case in which he has observed genuine kaolinite in 
stratified clay is that of the fire-clay of Heathfield, Bovey Tracey. 
The well-known Bovey Tracey clays may have been formed by 
the washing of the adjacent kaolin ized granites, which hypothesis 
seems to be supported by their microscopical characters. They 
differ only from artificial china-clay in the less complete separa- 
tion of the coarser particles, the absence of more than an occa- 
sional curved prism of kaolinite, and the presence of countless 
minute grains and rods of rutile. Mica is present, but it is 
impossible to say how much of the fine flaky material which 
forms the basis of the clays is that mineral, and how much is 
kaolinite. 

The rarity of prisms of kaolinite is not surprising, in view 
of the readiness with which those prisms must break up. The 
rutile is a difliculty. It appears to be an almost universal con- 
stituent of clays,* and in normal casee it seems probable, as sug- 
gested by Mr. Hutchings, that it arises as a decomposition-pro- 
duct of biotite ; at least, what appear to have been biotite-crystals 
may be found reduced to aggregates of minute colourless plates, 
with minute rutiles scattered between them. But if the Bovey 
Tracey clays are to be compared with china-clay, some other 
source must be found, as biotite is never preseoit; tourmaline 
would seem to be the only possible source, if the rutile of these 
clays has been derived from the material indicated, but it is far 
more probable that they have been partly derived from the 
coarser particles of the china-clay rock, among which biotite is 
abundant. 

However that may be, there are stronger reasons for sup- 
posing that most clays have not been derived from material 
exactly comparable to china-clay-rock. It would seem very 
significant that recognizable felspar is commonly to be found 
in themt; while it is entirely absent in china-clay-rock. The 
obvious conclusion is that the ordinary' clays are the residue of 
rock which has undergone less complete chemical decomposition. 

♦ ** On the Occurrence of Rutileneedles in Clays," by Dr. J. J. H. Teall 
Miiieraiogiaif Magazine, 1885-1887, vol. vii., pages 201 to 204. 

t *• Notes on the Probable Origin of some Slates," by W. M. Hutchings, 
Geological Magazine^ 1890, vol. vii., page 267. 
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The absence of typical prisms of kaolinite confirms this; were 
they at all common, they must have been observed. The typi- 
cally coloured biotite tends to the same conclusion. Hence the 
author concludes that ordinary clays are the result of more rapid 
weathering, more mechanical and less chemical in character, 
than that which has produced the china-clay-rock : the latter sub- 
stance beinf? produce<l only when the weathering is greatly pro- 
longed, in consequence of the non-removal of the decomposed 
material. 

The common clays appear to be formed, moreover, very 
largely of the micas of the parent-rocks. The more minute 
flakes may include secondary micas from the decomposition of 
felspar, either in the parent-rock or in the clay, but the larger 
fragments certainly are mostly original. The great bulk of many 
clays would appear to consist mainly of micaceous material. Yet 
chemical analyses show far too little alkali to allow of the main 
mass being muscovite, which species the absence of colour in 
the flakes usually suggests. The explanation, the author believes, 
is afforded by what has already been suggested regarding the 
origin of kaolinite in china-clay, and especially of the Thurin- 
gian clays described by Schmid. It seems at least probable that 
a similar alteration of the micas may take place in all clays, 
alkali being removed and water taken up, even though the pro- 
cess may never convert the mica entirely into kaolinite. 

SrMMARY. 

(1) China-clay is the product of the artificial extraction by 
washing of the finest particles from decomposed granite. It 
consists of cr^^stals of kaolinite, muscovite, quartz, and tour- 
maline, the first two constituents making 90 per cent, or more of 
good clays. 

(2) The kaolinite occui-s in tlie form of irregular curved hex- 
agonal prisms, showing strong transverse cleavages, or in isolated 
plates. The index of refraction and that of double refraction 
agree with those of the Anglesey kaolinite. The crystal? are 
biaxial, and extinguish straight. The specific gravity agrees 
closely with that given by Dick. They are soluble in super- 
heated sulphuric acid. 

('3) It is shown that the Cornish china-clays agree very closely 
indeed in their chemical composition with a mixture of kaolinite, 
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muscovite, and a little quartz (the tourmaline is negligible). As 
the presence of the muscovite and quartz is undoubted, it must 
be admitted that the composition of the remaining mineral ap- 
proaches very closely indeed to AI3O3, 2SiOa, 2H2O (kaolinite). 
It appears that the muscovite is hydrated (hydromuscovite). 

(4) Confirmatory evidence is adduced, showing that the 
almost pure kaolinite of Aue consists of similar crystals. 

(5) It is shown that the composition of china-clay cannot be 
explained on the assumption that the kaolinite has the com- 
position suggested by Mr. Collins. 

(6) The turbidity of felspar seen in section, and commonly 
attributed to ** kaolinization," is not due to the formation of 
kaolinite. Muscovite is abundantly developed, and various 
other minerals help to cause the turbidity, but no trace of kao- 
linite has been found in any fragment of felspar, however 
decomposed. 

It is very probable tliat the secondarj^ muscovite is directly 
converted into kaolinite. The two minerals as they occur in the 
china-clay are closely similar in form, and there is some evidence 
of intermediate stages. It has been shown by Mr. Johnstone that 
water with carbonic acid hydrates muscovite or biotite, and also 
bleaches the latter, extracting iron and magnesium. Pure water 
dissolves a minute part of raw china-clay, the solution containing 
potash. 

(7) It is shown that the micas in common clays decompose, 
and that the product of decomposition is probably kaolinite. 

(8) Atmospheric weathering is the cause of the ** kaoliniza- 
tion " of the granite. Secondary muscovite represents the first 
stage of the process, and is a normal product of the weathering 
of felspars. The kaolinized granite is shown by borings to be 
in the form of an irregular surface-sheet. Muscovite appears 
to be changed into kaolinite in sedimentary clays. '* Kaoliniza- 
tion " has taken place subsequently to ** tourmalinization," and 
is in no way comparable with that process. Felspar is decom- 
posed by hydrofluoric acid, but the product presents no resem- 
blance to china-clay. 

(9) Kaolinite of the form here described has been recorded 
previously from several ** kaolins," but no definite record is 
known from common clays. 
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(10) The common clays are always very heterogeneous. The 
fine " paste " generally consists of minute flakes of mica or 
kaolinite (these cannot be distinguished in such fragments). 
The decomposition of mica is probably responsible for the abun- 
dant nitile. 

(11) China-clay-rock is the result of the complete weather- 
ing of igneous masses in sitit. Most common sediments are 
probably the result of less complete weathering, in which the 
material is remove<l so soon as decomposition has proceeded far 
enough to set it loose. 
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APPENDIX II.— Explanation of Plate I 

All the micro. figures are camera-lucida sketches, except No. 8, which is 
•drawn from a photograph. 

Fig. 1.— Vermiform crystal of kaolinite from ** mica "-clay of Carpalla works, 
St. Austell, Cornwall. Magnified 220 diameters. 

Fig. 2. — Crystal of kaolinite in china-clay, Carpalla. Magnified 920 diameters. 

Fig. 3.— Basal view of short crystal of kaolinite, showing irregular form, 
from *' mica "-clay, Carpalla. Magnified 220 diameters. 

Fig. 4. —Basal view of short crystal of kaolinite, showing irregular form and 
marked corrosion, from " mica "-clay, Carpalla. Magnified 220 diameters. 

Fig. 5.— Basal view of crystal of muscovitc (probably primary) showing 
marked corrosion. Magnified 220 diameters. 

Fig. 6.— Two fan-shaped crystals of secondary muscovite in a decomposed 
felspar-crystal from the decomposed granite. Tre Rice works, St. Austell, Corn- 
wall. Magnified 920 diameters. 

Fig. 7. — Fan-shaped crystal of secondary muscovite in china-clay, Carpalla. 
Cf. fig. 2. Magnified 920 diameters. 

Fig. 8. — Preparation of fine " mica "-clay, Carpalla. Magnified 200 diameters. 
Drawn from a photograph. In the photograph, the fragments of quartz cannot 
be distinguished from the flakes of kaolinite and muscovite, which form the bulk 
of the clay. Tourmaline is here proportionately more abundant than in the finer 
china-clay. 

Fig. 9.— Granite tors at Roche Rocks, Cornwall, illustrating the irregular 
surface of solid granite left when the decomposed material ( = " china-clay rock ") 
has been naturally washed away (after De la Beche). 

Fig. 10.— Section along trench for Sheepstor Embankment, Burrator Reser- 
voir, Plymouth Waterworks, Dartmoor (after Sandeman). Here the solid granite 
is still covered by the surface-sheet of decomposed material ("china-clay rock "), 
to a maximum depth of 100 feet. Note (I) irregular surface of the solid granite ; 
<2) undecomposed cores of granite in the china-clay rock ; and (3) tourmaline- 
veins passing through from solid granite to china-clay rock. 



The Chairman (Prof. W. Boyd Dawkins) said that Mr. 
Hickling's paper was full of new matter and of great interest. 
It arose out of an enquiry which had been carried on for over 
six months with regard to the physical history and structure of 
china-clay, and clays in general. Mr. Hickling had been carry- 
ing on a series of investigations, largely under his (Prof. Boyd 
Daw^kins's) direction, in the Geological Laboratory of the 
Manchester University, with the best and latest micro- 
scopical instruments. The paper, he hoped, was only the first 
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of a series of orig^inal researches, the results of which would be 
brought bj' Mr. Hickling before the Manchester Geological and 
Mining Society. 

Mr. JoHX Gerrard (H.M. Inspector of Mines, Worsley), in 
moving a vote of thanks to Mr. Hickling, said that the paper 
brought to his mind the immense advantage which the Society 
had in its close association with the University of Manchester. 
They had again and again received advantages which the 
members present so fully realized that evening. It was much to 
be desired that the connexion between the two bodies would be 
closer, and would continue for many years to come. It was a 
little departure from the subject, but he was sure that it would be 
of interest to members to know that it had been announced that 
one of the students of the mining department of the University 
had qualified and would receive a degree. He was sure that they 
all congratulated the Mining Department of the University on 
that success. 

Mr. AxEXAXDKR Red) (Chester), seconded the resolution, which 
was passed. 

The Chairman (Prof. W. Boyd Dawkins) said that he would 
like, before the meeting ended, to call attention to the fact that 
one reason why this elaborate enquiry had been possible was the 
possession of a new and superior microscope. They had found 
that the ordinary English microscope was not satisfactory, 
and, thanks to Mr. Hickling, the instrument obtained 
united the excellences of two gf the best German microscopes. 
He hoped that the method of this enquiry, begun in the geological 
laboratory of the Manchester University, would be extended to 
other departments of geological research. 

The discussion on the paper was postponed. 



On the motion of Mr. George B. Harrisox (H.M. Inspector 
of Mines, Swinton), seconded by Mr. William Pickstoxe 
(Manchester), the meeting tendered its heartiest thanks to the 
Yice-Chancellor (Dr. Alfred Hopkinson, K.C.) and Council of 
the University of Manchester, for permitting the meeting to be 
hi'ld Hi till' i- uuerai^ tmiidm^s. 
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A vote of thanks was also passed to Prof, 
his services in the chair. 

The Chairman, in acknowledging the vc 
that it was a pleasure always to receive 1 
University. The University did not forget ^ 
Society in the establishment of their Mm 
organization of the teaching of mining. 
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1908 Chambers, Sydney A., 96, Gresham House, London, E.C. 
1901 Chapman, C. H., 293, Liverpool Road, Salford. 

1906 Christoper, George Alfred, The Mount, Park View, Wigan. 
1898 Clark, Robert F., Bickershaw Collieries, Leigh, Lancashire. 

1903 Clark, William, Garswood Coal and Iron Co., Park Lane, 

Wigan. 
1894 Clarke, Robert, 42, Deansgate, Manchester. 
1901 Coleman, W. H., 1 8, Egerton Road, Fallowfield, Manchester. 

1904 i Constantine, E. G., Stirling Boiler Co., Ltd., 25, Victoria 
I Street, Westminster, London, S.W. 

1901 Cotterill, H. W. B., Waterworks Engineer's Office, City 
Hall, Cardiff. 

1905 Coulston, P. Barrett, 5, Cross Street, Manchester. 



VI. 



LIST OF UBHBKBS. 



Year of 
Election. 



1878 

1904 
1883 
1907 

1908 
1905 
1869 



1903 
1903 
1904 

1889 
1898 

1898 
1905 
1903 
1884 
1878 

1895 
1897 

1880 
1907 

1891 
1906 
1896 

1908 



1873 



Nmmes and Addrestes. 



Cowburn, Henry, 253, Westleigh Lane, Westleigh, 

Manchester. 
Crankshaw, Hugh M., 11, Ironmonger Lane, London. 
Crankshaw, Joseph, F.G.S., 11, Ironmonger Lane, London. 
Cross, T. Oliver, 77, King Street, Manchester. 

Davies, Edivard T., Wynnstay Colliery, Raabon. 
Dawes, Alfred, 4, The Square, Blaenau Festiniog. 
Dawkins, Professor W. Boyd, M.A., D.Sc. F.R.S., F.G.S., 

F.S.A., AssocInstCE., Fallowfield House, Fallowfield, 

Manchester. Fast-President. 
Dickson, Jumes, Westhoughton Collieries, near Bolton. 
Dixon, Walter, Birkacre Collieries, Coppull, near Chorley. 
Dixon, William B., Coalbrook Vale Colliery, Nantyglo, 

Il.S.0.. Mon. 
Dobbs, Joseph, Coolbawn House, Castlecomcr, Co. Kilkenny. 
Douglas, Ernest, Pemberton Collieries, Wigan. 

Eagle, George, 37, Brown Street, Manchester. 
Fames, Cecil W., Moss Hall Collieries, Piatt Bridge, Wigan. 
Edmoudson, R. H., Gars wood Hall Collieries, Wigan. 
Elce, George, Rock Mount, Altham, Accrington. 
Ellesmere, The Right Hon. The Earl of, Worsley, near 

Manchester. 
Ellis, Thomas Ratcliffe, King Street, Wigan. 
Evans, Walter, J. P., Royton, Oldham. 

Fairclough, William, F.S.I., Leigh, near Manchester. 
Files James, 572, Manchester Road, Swinton, near 

Manchester. 
Finch, John, 51, 52, Exchange Buildings, Birmingham. 
Fletcher, Clenient, the Hindles, Atherton, near Manchester. 
Fletcher, Leonard R., Atherton Collieries, Atherton, near 

Manchester. Member of Coumil. 
Fort, Robert Arthur, Moss Hall Colliery, Piatt Bridge, 

near Wigan. 

Gai-forth, W. E., M Inst.C.E., F.G.S., Snydale Hall, 
Pontefract. Vict* President. 



LIST OF ITEUBBBS. 



Qr 



Year of 
Election. 



Names and Addresses. 



1893 Garside, Edward, B.Sc, Assoc.M.lnst.C.E., Town Hall 

Chambers, Ashton-under-Lyne. 

1902 Garton, Walter T., F.G.S., Brookfield, Wigan Road, 

Ashton-in-Makerfield. 
1892 Gerrard, John, F.G.S., H.M. Inspector of Mines, Worsley, 

near Manchester. Past-Pretident, 
1908 Ghose, A., F.C.S., 42, Shambazar Street, Calcutta. 
1898 Glover, J. W., Cyprus Government Railway, Locomotive 

Department, Famagusta, Cyprus. 

1903 Glover, Robert B., c/o Glover Bros., Mossley, near Manchester. 

1903 Graham, George, 15, Montague Road, Sale, Cheshire. 

1905 Grave, J. U. Roger, c/o Messrs. J. P. Bissett & Co., Foo- 

Chou Road, Shanghai, China, via Siberia. 
1882 Greenhalgh, Robert, 167, Bolton Road, Atherton, near 

Manchester. 
1 874 Greenwell, G. C, M.Inst.C.E., F G.S., Beechfield, Poynton, 

Cheshire. Pait- President. 
1879 Greenwood, John, 1, Marsden Street, Manchester. 
1877 Grundy, H. Taylor, Blackburn Street, RadclifPe. 

1888 Grundy, James, F.G.S., Walthew House Farm, (Crooke 

Delivery), Wigan. 

1908 Hackett, George Booker, P.O. Box 3117, Johannesburg. 

1877 Harris, George E., Assam Railway and Trading Co., 

Limited, Margerita, Assam, India. 

1904 Harris, H. P., Brynn Dedwydd. Wrexham. 

1894 Harrison, George B., H.M. Inspector of Mines, Worsley 

Road, Swinton, Manchester. Vice-President. 

1906 Hart-Davies, Capt. Henry Vaughan, Wardley Hall, 

Worsley, near Manchester. 

1905 Harvey, R. H., Messrs. Dick Kerr, & Co., Pra9a, Castro 

Alves, No. 55, Bahia, Brazil. 

1889 Higson, Charles H., The Chestnuts, Helsby, via Warrington. 
1904 Higson, Peter, 18, Booth Street, Manchester. 

1906 Hobbs, William Lowbridge, Dyserth, S.O., Flints. 
1904 Hodge, W. Guy. 35, Bryn Road, Swansea. 

1904 HoUingworth, F. H., The Oak, Hollinwood, Oldham. 

1878 Holling^vorth, Col. George H., F.G.S., 37, Cross Street, 

Manchester. Past-President. Hon. Treasurer. 



VIU. 



LIST OF KSMBEBS. 



Year of 
BlectloD. 



Names and Addreaeee. 



1903 
1904 

1906 

1905 
1906 

1894 
1903 
1907 

1908 
1884 
1908 
1908 

1903 
1907 
1903 

1905 
1893 

1905 

1889 

1887 

1908 
1904 
1898 
1890 
1897 
1899 

1908 



Hollingworth, Henry, Ellerbeck Colliery, Coppxill, Chorley. 
Hooghwinkel, Gerald H. J., Dacre House, Victoria Street, 

London, S.W. 
Hopkinson, Austin, A.M.I.Mech.E., A.M.I.E.E., 86, Cross 

Street, Manchester. 
Horrobin, William, Bedford Collieries, Leigh, Lancashire. 
Houghton, Henry, Oak Mount, Ormskirk Road, Skelmers- 

dale, Lancashire. 
Hughes, Owen, Haidman House, Hollinwood, Oldham. 
Humphris, Henry, Blaenau Festiniog, North Wales. 
Hunter, Sherwood, 20, Mount Street, Manchester. 

Jacob, F. Llewellin, Femdale Colliery, Ferndale, Glam. 

Jobling, John, Cliviger Collieries, Burnley. 

Jobling, John William, Clifton Colliery, Burnley. 

Johnson, Thomas, c/o Miss B.Johnson, Box 370, Johannes- 
burg, Transvaal. 

Johnson, W. H., B.Sc, Woodleigh, Altrincham, Cheshire. 

Jones, John T., Foggs House, Little Lever, near Manchester. 

Jones, 0. R., fl.M. Inspector of Mines, 5, Spring Gardens, 
Chester. 

Kay, Joseph, Agecroft Colliery, near Manchester. 
Eenrick, John P., Honan, China (communications to Messrs. 

Grindlay & Co., 54, Parliament Street, London, S.W.) 
Kneebone, C. Maitland, Cerro Muriano Mines, Ltd., 

Estacion de Cerro Muriano, Prova de Cordoba, Spain. 
Knowles, John, Brynn Mount, Westwood, Lower Ince, 

near Wigan. 
♦Knowles, Lt.-Col. Sir Lees, Bart., M.A., LL.M.,.F.G.S., 

F.Z.S., D.L., Westwood, Pendlebury. TYustee. 

Lamb, Arthur Moore, Eskdale, Birkdale, Southport. 
Landless, J. E., Habergham Colliery, Burnley. 
Landless, Richard, Colliery Offices, Bank Parade, Burnley. 
Law, J. lllingworth, Willow House, Waterfoot, Manchester. 
Lees, Frederick, J. P., The Rookery, Ashford, Bake well. 
Leigh, Oswald B., Xorth Lincoln House, Frodingham, 

Doncaster. 
Linton, Francis A ., Bickershaw Lane, Bickershaw, nr. Wigan. 



LIST OF UEMBERS. 



IX. 



Yemr of 
Blection. 



Names and Addresses. 



1898 Livesey, John, Rose Hill Colliery, Bolton. 

1908 Lomas, J. E. H., 32, Gt. St. Helens, London, E.G. 

1905 Lord, Chadwick, Jubilee Colliery, Cromplon, Oldham. 
1898 Lowe, Henry, Chisnall Hall Colliery, CoppuU. 

1904 Macalpine, G. L., M.Sc, Altham and Great Harwood 
Collieries, Accrington. 

1902 Machin, Thomas H., 7, Mottram Street, Hoverley, Hyde, 

Cheshire. 
1901 McKay, William, Fern Dell, Stockport Road, Bredbury, 
Cheshire. 

1903 Marshall, Eustace A., 37, Queen's Road, Southport. 

1892 Mathews, D. H. F., H.M. Inspector of Mines, Hoole, 

Chester. Member of Council, 

1893 Matthews, E. L., Imperial Iron Works, Pendleton, Man- 

chester. 

1896 Matthews, Thomas, Imperial Iron Works, Pendleton, Man- 
chester. 

1892 Miller, Arthur, Bredbury Colliery, near Stockport. 

1906 Millward, Albert Edward, Manchester Road, Accrington. 
1895 Mitton, A. Dury, Assoc.M.Inst.C.E., The Old Vicarage, 

Malvern Wells. 

1904 Morrison, Daniel, 41, John Dalton Street, Manchester. 
1904 Mountain, M. B., Elton Grange, Bury. 
1904 Munroe, Martin, 5, Fairlie Place, Calcutta. 

1904 Nicholson, J., Jun., Prudential Buildingn, Nelson Square, 
Bolton. 



1907 Oldfield, WiUiam, West View, Minsterley, Shropshire. 
1900 Ollerenshaw, W., Denton Colliery, Denton, Manchester. 
Member of Council, 



1883 Peace, George Henry, M.Inst.C.E., Monton Grange, Eccles. 
Member of Council. 

1905 Percy, Frank, Monument Cottage, Wigan Lane, Wigan. 
1900 Pickstone, William, 5, Moor Lane, Kcrsal, Manchester. 

Vice- President . 

1906 Pickup, William, Elmwood, Rishton, near Blackburn. 



LIST OF MEKBBRS. 



Year of 
Bleciion. 



Names and Addresaes. 



1879 Pilkington, Charles, J. P., The Headlands, Prestwich, 
Manchester. Past-President, 

1873 Pilkington, Edward, J.P., Clifton, Manchester. Past- 
President. 

1899 Pilkington, Lawrence, Firwood, Alderley Edge, Cheshire. 

1903 Pilkington, Lionel E., Haydock, St. Helens. Member of 
Council. 

1877 Place, W. H., Hoddleston Collieries, Darwen. 

1904 Pope, P. C, 196, Deansgate, Manchester. 
1904 Preece, G. G. L., 30, Great Western Street, Moss Side, 

Manchester. 
1891 Prestwich, Joseph, 72, Eccles Old Road. Pendleton, 
Manchester. 



1907 Raby, Gregory, Lota Alto, Lota, Chile, South America. 
Trans. : c/o Neal Miller, West Ridge, Prenton Road, 
West, Birkenhead. 

1904 Ramsden, Cecil Sydney, 42, Deansgate, Manchester. 

1897 Raid, Alexander, M Inst.C E., VVitton Lodge, Hoole Road, 

Chester. 
1897 Richardson, Isaiah, Blainscough Collieries, Coppull, near 

Chorley. 

1900 Ridyard, G. J., Shakerley Collieries, Tyldesley. 
1860 {d) Ridyard, John, F.G.S., Hilton Bank, Little Hulton, 

Bolton. Past-President. 
1904 Rigby Harold, Greville Lodge, Winsfoi-d, Cheshire. 
1893 Rigby, John, Greville Lodge, Winsford, Cheshire. 
1897 Ritson, W. A., 4, Booth Avenue, Withington, Manchester. 

1904 Robinson, Fred. J., The Gables, Newton-le Willows. 
1889 Robinson, John, Haydock Collieries, St. Helens. 

1908 Roscamp, Joseph Cresswell, H.M. Assistant Inspector of 

Mines, Prestwich, near Manchester. 
1892 Roscoe, George, Peel Hall Collieries, Little Hulton, Bolton. 

1905 Ross, A., Moston Colliery, near Manchester. 

1903 Rushton, A., Maypole Colliery, Abram, near Wigan. 

1905 Saike, Yoshima, Jagawa Colliery, Buzen, Japan. 
1908 Saint, Frank G. L., The Marshes, Atherton Road, Hindley 
Green, near Wigan. 



LIST OF UBVBERS. 



XI. 



Year of 
Blectlon. 



Names and Addresses. 



1887 

1905 
1889 

1891 

1904 
1905 
1888 

1903 
1905 
1886 
1904 

1905 

1907 

1882 
1903 

1907 
1905 

1899 
1907 

1905 
1892 

I 
1904 j 
1891 I 

1898 ' 
1907 ' 



Saint, William, H.M. Inspector of Mines, Cromer House, 

58, Cathedral Road, Cardiff. Fast-President, 
Scholes, T., Oswaldtwistle Collieries, near Accrington. 
Scott, William B., Eversley Cottage, Middleton, near 

Manchester. 
Scowcroft, Thomas, J. P., Rcdthorpe, Bromley Cross, near 

Bolton. 
Settle, William, Prestwich, Manchester. 
Smith, John, Bower Colliery, HoUinwood, Oldham. 
Smith, Sydney A., Assoc.M.Inst.CE., 1, Princess Street, 

Albert Square, Manchester. Hon. Secretary. 
Spackman, Charles, Eosehaagh, Clitheroe. 
Speakman, F., Church Street, Leigh, Lancashire. 
Speakman, Harry, Bedford Collieries, Leigh, Lancashire. 
Spencer, R. S., Princess Royal Colliery Co., Ltd., 

Whitccroft, near Lydney, Glos. 
Stewart, J. E., c/o Pekin Syndicate, Ltd., Tientsin, North 

China 
Stone, Thomas, M.A., The Park Collieries, Garswood, near 

Wigan. 
Stopford, T. R., Woodley, Radcliffe, near Manchester. 
Sutcliffe, W. H., F.G S., Shore Cottage, Littleborough, 

Rochdale. 

Taite, Charles Davis, 196, Deansgate. Manchester. 
Takagi, Kiichiro, The Mitsui Mining Co., Tagawa, Buzcn, 

Japan. 
Tansley, A. E., Springfield House, CoppuU, Chorley. 
Toylor, Hugh Frank, Sandycroft Foundry Co. Ltd., 

Sandycroft, near Chester. 
Thompson, Fred J , Osborne Bank Esplanade, Fleetwood. 
Thompson, James, Westhoughton Road, Westhoughton, 

Bolton. 
Tong, Fred N., Spring Bank, Astley Bridge, near Bolton. 
Tonge, Alfred J., Hulton Collieries, near Bolton. Member 

of Council. 
Tonge, James, F.G.S., Westhoughton, near Bolton. 
Toplia, William Sherman, Novara, Rowan Avenue, 

Brooklands, near Manchester. 



xu. 



LIST OF MEMBERS. 



Year of 
Blection. 



1895 



1904 



1876 



1907 

1904 
1882 
1893 

1905 

1897 
1905 
1907 

1880 

•1905 
1905 

1907 
1897 

1876 

1897 
1897 

1904 
1895 



Naoim and Addmaes. 



Travers, T. W., Spring Bank, Broad Oak Park, Worsley, 

near Manchester. 
Turner, Charles, Irlam, near Manchester. 

Unsworth, John, J.P., Scot Lane Collieries, Blackrod, 
near Chorley. 

Wainewright, Wilfrid B., 534, Mason Buildings, Los 

Angeles, California, U.S.A. 
Walker, Howard J., Bank Chamhers, Wigan. 
Wall, Henry, Tower Buildings, Wallgate, Wigan. 
Wallwork, Jesse, Bridgewater Collieries, Walkden, near 

Manchester. Member of Council. 
Walshaw, J., Astley and Tyldesley Collieries, Tyldesley, 

near Manchester. 
Walton, Thomas, Bank Hall Collieries, Burnley. 
Waterworth, Joseph, Westleigh Collieries, Leigh. 
Watson, Percy Houston Swann, 12, Cowper Street, 

Chapeltown Eoad, Leeds. 
Watts, William, M.InstC.E., F.G.S., Kenmore, Wilmslow, 

Cheshire. Past- President. 
Whitworth, C. 8., 13, Edmund Street, Rochdale. 
Wilkinson, H. Tatlock, Chloride Electrical Storage Co., Ltd., 

Clifton Junction, near Manchester. 
Williams, Thomas, Oakwood, Hexham. 
Winslanley, George H., F.G.S., 42, Deansgate, Manchester. 

Member of Council. Mon. Auditar. 
Winstanley, Kobert, 42, Deansgate, Manchester. Past- 
President 
Wood, John, Barley Brook Foundry, Wigan. 
Wood, Percy Lee, Clifton and Kersley Coal Co., Ltd., 

Clifton, Manchester. Member of Council. 
Wood, Thomas, Barley Brook Foundry, Wigan. 
Wordsworth, T. H., New Moss Colliery, Audenshaw, near 

Manchester. Vice-President. 



1906 Young, William, c/o Thomas Fletcher and Sons, Ltd., 
I Stopes Colliery, Eadcliffe. 



LIST OF MEMBERS. 



xm. 



Year of 
Blectlon. 



Names and Addressea. 



1904 

1908 
1906 
1906 
1907 
1905 

1905 
1906 
1905 
1907 



1898 
1907 
1902 
1907 
1905 
1907 



1907 
1905 

1908 

1905 
1908 
1904 
1907 



ASSOCIATE MEMBERS. -(Federated.) 
Assoc.M.Ikst.M.E. 

{d) Blackwell, G. G., The Albany, Old -Hall Street, 

Liverpool. 
Cartwright, Robert, Strange ways Hall Colliery, nearWigan. 
Cunliffe, James, 81, Moor Road, Chorley. 
Dubois, Marcel, 6, Rue Gounod, Paris (XVII). 
Lomax, George Edward, Fern Hill, Huyton, Liverpool. 
Mellor, Edward Thomas, F.G.S., The Geological Survey 

Office, Box 387, Pretoria, Transvaal. 
Preston, S. C, Bolton Hey, Roby, Liverpool. 
Rogers, James Taylor, Calder Cottage, Littleboro. 
Ross, Arthur, 1, Glengall Road, Old Kent Road, London, S.E. 
Schember, Friedrich, Wiederhofergasse, 6, Vienna, IX/2. 



ASSOCIATES.— (Federated.) 

Assoc.Ikst.M.E. 

Dickinson, Archibald, 283, Colne Road, Burnley. 
Galliford, John, 479, Edge Lane, Droylsden, Manchester. 
Jobes, R. A., 98, Carley Road, Sunderland. 
Nuttall, Theodore Hodson, Poste Restante, Johannesburg. 
Woodward, W., 83, Wolverhampton Road, Stafford. 
Wynne, George R., Bog Mines Ltd., Minsterley, Salop. 



STUDENTS.— (Federated.) 

Stud.Inst.M.E. 

Bolton, H. Hargreaves, junr., High Brake, Accrington. 
Cross, Charles Oliver, Snowdown Sinking, Nonington, near 

Dover. 
Eccleshall, George B., 34, Bradford Terrace, Worsley Road, 

Famworth, near Manchester. 
Entwisle, George, 176, Swintoa Hall Road, Swinton. 
Evans, Thomas Emrys, 5, Kelnerdeyne Terrace, Rochdale. 
Hark, J. R., 92, Market Street, Hindley, Wigan. 
Hampson, Ralph, Shotton Cottage, Shotton, Flints. 



Year of 
Election. 



Names aud Addrenet. 



1904 Ormond, Percy, Myrtle Villa, Standish, near Wigan. 
1908 Pilkington, Edward Fielden, B.A., The Headlands, 

Prestwich. 
1906 Spencer, John, 212, Blackburn Road, Acerington. 



MEMBERS— (Non-Federated). 
1907 Ackroyd, Alfred, Ellerslie, Victoria Crescent, Eccles. 



1895' Barnes, J., F.G.8., 301, Great Clowes Street, Higher 



Bioughton. Pmt-PfesidenL 
1881 Black, W. G., F.R.C.S.Ed., F.G.S., 2, George's Square, 

Edinburgh. 
1900 Brancker, Richard, 11, Old Hall Street, Liverpool. 

1908 Clifford, William, Jeannette, Pa., U.S.A. 

1894 

1879 

1856 
1907 

1903 

1903 

1881 
1898 
1900 
1902 



Cole, Robert H., Endon, Stoke-on-Trent. 
Crawford and Balcarres, The Right Hon. The Earl of, Huigh 
Hall, Wigan. Past-President, 



Dickinson, Joseph, F.G.S., Hon.M.I.M.E., South Bank, 

Sandy Lane, Pendleton. Past-President, Trustee, 
Dobson, Benjamin Palin, South Bank, Heaton, Bolton. 

Edmondson, J. H., Garswood Hall Collieries, Wigan. 

Gillott, J. W., Lancaster Works, Bamsley. 

Hall, Henry, I.S.O., H.M. Inspector of Mines, Rainhill, 

Lancashire. Past- President, 
♦Hall, Levi J., Morland House, Birch Vale, near 

Stockport. 
Henshaw, A. M., M.Inst.C.E., F.G.S., Talk-o'th'-Hill 

Collieries, Staffordshire. 
Hewitt, J., Eccleston Hall Colliery, Prescot. 



LIST OF HEUBERS. 



XV. 



Year of 
Election. 



Names and Addrostea. 



1876 Higson, John, M.Inst.C.E., F.G.S., 18, Booth Street, 
Manchester. 

1900 Hinnell, H. Leonard, M.Inst.C.E., 41, Corporation Street, 
Manchester. 

1897 Hobson, Bernard, M.Sc, F.G.S., Thornton, Didsbury, 

Manchester. 
1897 Howsin, Evelin G., Isles House, Padiham, Lancashire. 

1897 Keen, James, Hindley Green, near Wigan. 

1901 Knight, Henry, Rose Bridge and Ince Hall Collieries, 
Wigan. 



1884 Leech, A. H., King Street, Wigan. 
1887 Lord, James, Hill House, Rochdale. 

1881 Macalpine, G. W., Broad Oak, Accrington. 

1897 Noar, L. Lamb, c/o Mrs. Lomax, Stoneleigh, North 
Promenade, St. Annes-on-the-Sea. 

1903 Owen, Richard, Pearson & Knowles' Collieries, Wigan. 

1897 ♦Pickup, P. W. D., Rishton Collieries, Rishton, near 

Blackburn. 
1887 Piatt, Samuel Sydney, M.Inst.C.E., Morredge, Sudden, 

Rochdale. 

1903 Ramsbottom, James, Church Road, New Mills, 
Stockport. 

1899 Selby, John B., Atherton Hall, Leigh, Lancashire. 

1882 Settle, Joel, The Hill, Alsagar, Stoke-on-Trent. 
1877 Shuttleworth, The Right Hon. Lord, of Gawthorpe, 

Burnley (Lord Lieutenant of the County of Lancaster). 
Pait-Pre9idenL 
1884 ♦Simpson, W. W« Winkley, near Whalley, Blackburn. 



XVI. 



LIST OF XEMBER8. 



Year of 
Blection. 



1864 
1881 

1873 
1891 

1889 
1897 
1893 

1886 



Namet and Addreaaea. 



♦Smethurst, William, F.G.S. 

Smith, John, Bickershaw Collieries, Westleigh, near 

Manchester. 
♦Smith, K. Clifford, F.G.S., Ashfoid HaU, Bakewell. 

Pa9t-PrMidenL 
Sutcliffe, Eichard, Horhury, near Wakefield. 



Taylor, William, 51, Park Eoad, Darwen. 

Tickle, James, Bamfurlong Collieries, Bamforlong, Wigan. 

Timmins, Arthur, Assoc.M.Inst.C.E., F.G.S., Argyll Lodge, 

Higher Buncorn. 
*Trafford, Sir Humphrey Francis de, Bart., F.G.S. 

Charles Street, Berkeley Square, London, W. 



1887 Walkden, Richard, 26, Watery Lane Terrace, Springvale, 

Darwen. 
1882 Walker, T. A., Pagefield Iron Works, Wigan. 

1888 ♦Walmesley, Oswald, 2, Stone Buildings, Lincoln's Inn, 

London, W.C. 
1 892 I Ward, Alexander Haustonne, Kaneegunge, Bengal, India. 
1897 j WeUs, Lionel B., M.InstC.E., 75, Haworth's Buildings 

, 5, Cross Street, Manchester. 
1880 I Williams, Sir Edward Leader, M.InstC.E., Ship Canal 

Company, Spring Gardens, Manchester. 



Memheri are requested to eommunicate to the Sim. SecreUuy 
M ehangee of addreeSj aUo any omiseumt or correetione required in the 
list. 
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